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General introduction

Cerebrovascular diseases are important for society in general. They are the third most
common cause of death, and one of the main causes of permanent disability in the
Western world, especially in older people. Cerebrovascular diseases are a heterogeneous
group of disorders. Prevention, management, and treatment should be directed
towards pathophysiologically defined subgroups. One of these subgroups includes
the lacunar infarcts, small infarcts located deeply in the brain, or in the brainstem.
Among all patients with cerebrovascular disease, about 80% have cerebral
infarction,!''*? of which lacunar infarcts constitute up to 25%, representing a
numerically important subgroup. [n the Netherlands, each year about 20,000
patients suffer a cerebral infarct,’® of whom at least 5000 will have a lacunar infarct.

The aim of this thesis is to describe some clinical and radiological aspects of lacunar
stroke in a well-defined prospective series of patients with a lacunar infarct, who were
registered between July 1987 and August 1989 in a prospective registry at the
University Hospital of Maastricht of all patients with a first-ever supratentorial brain
infarct with symptoms lasting longer than 24 hours. Furthermore, it was tried to
establish whether lacunar infarction should be considered as a separate subgroup
among cerebral infarction by studying various clinical aspects of lacunar infarcts in
comparison with infarcts involving the cerebral cortex.

The lacunar hypothesis* presumes, firstly, that lacunar infarcts can usually be

recognized from specific so-called lacunar syndromes, and, secondly, that they are
usually caused by a distinct vasculopathy of the small perforating arteries.® However,
the overall clinical usefulness of the lacunar syndromes in diagnosing lacunar
infarction has not been definitely established. We therefore determined the validity
of the lacunar syndromes in diagnosing lacunar infarction (Chapters 2 and 3).

The second part of the lacunar hypothesis is more difficult to establish. Small
vessel vasculopathy can only be assessed with certainty at autopsy. However, there are
only few pathological studies, because of the low early case fatality rate, Pathogenesis
has therefore to be further elucidated indirectly from clinical studies, by looking at
the vascular risk factor profile, and by determining the frequency of potential cardiac
sources of embolism and carotid occlusive disease in patients with lacunar infarction
(Chapter 4). Further evidence in favor of small vessel disease as the usual cause of
lacunar infarction could come from studying the natural history (Chapter 2}: if

“The expression "lacunar hypothesis® in this study means "the hypothesls of lacunar infarcts”. The contracted version, although

linguistically ambiguous, Is now commonly used In the literature
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recurrentirifarction is significantly more often lacunar in patients with initial lacunar
infarction than in those with an initial cortical infarction, thiswould suggest different
underlying vascular pathologies in lacunarand cortical ischemic stroke. Furthermore,
we tested the hypothesis that if lacunar infarction and leuko-araiosis are both caused
by small vessel disease, leuko-araiosis would be more prevalent in patients with
lacunar infarction than in patients with infarction involving the cortex (Chapter 5).

We also investigated whether lacunar stroke patients with one or more
asymptomatic lacunar infarcts, and those with only a symptomatic lacunar infarct
represent two distinct clinical entities, reflecting the two types of small vessel disease
found atautopsy, lipohyalinosis and microatheromatous disease respectively (Chapter
6).

Some studies on lacunar infarction described large subcortical infarcts which were
called "giant" or "super” lacunes, suggesting that their clinical presentation and
pathogenesis are similar to those in lacunar infarcts. However, others reported
features of these infarcts which were contradictory to a lacunar cause. Therefore, to
determine whether clinical presentation and pathogenesis of large subcortical infarcts
resemnble those of lacunar infarcts or infarcts involving the cortex, the clinical
syndrome, risk factor profile, frequency of potential cardiac sources of embolism, and
frequency of significant carotid stenosis were compared between these different
infarct groups (Chapter 7).

Using detailed computed tomography (CT) findings, the locations of the small
infarcts were correlated with the clinical syndromes, in order to determine the course
of the corticospinal, thalamocortical and cerebellar pathways, which are involved in
causing the signs of lacunar infarction (Chapter 8). A patient with ataxic hemiparesis
following lacunar infarction of the ventrolateral nucleus of the thalamus is described,
demonstrating that the ventrolateral part of the thalamus takes part in the cerebellar
projection to the sensorimotor cortex (Chapter 9).

In summary the aims of this thesis are:

1. to review the relevant literature on lacunar infarction (Chapter 1);

2. to establish the clinical value of the lacunar syndromes in diagnosing lacunar
infarction (Chapter 2);

3. to describe the natural history and type of recurrent infarction in patients with
lacunar infarction (Chapter 2);

4. to assess whether acute isolated monoparesis should be considered a lacunar
syndrome (Chapter 3);

5. to study indirectly whether lacunar infarcts are usually caused by small vessel
disease; by determining the frequency of potential cardiac sources of embolism, and
large vessel occlusive disease in patients with lacunar infarction (Chapter 4);

6. todetermine whether any specific vascular risk factor is involved in the pathoge-
nesis of lacunar infarction (Chapter 4);

7. to assess the frequency of leuko-araiosis in patients with lacunar infarction in
order to see whether small vessel disease underlies both lacunar infarcts and leuko-
aralosis (Chapter 5);

8. toinvestigate whether two lacunar stroke entities can be distinguished during life
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{Chapter 6);

9. to establish the clinical syndrome and pathogenesis of large subcortical infarcts
(Chapter 7); and

10. to infer the course of corticospinal, thalamocortical and cerebellar pathways by
correlating locations of lacunar infarcts with lacunar syndromes (Chapters 8 and 9).

13
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Lacunar infarcts

Lacunar infarcts or lacunes are small ischemic infarcts located in the deep parts of the
brain, or in the brainstem.® The term lacune (from the Latin word lacuna) refers to
the cavity or hole that remains after the infarcted tissue has been removed by
macrophages.' #1215 The historical aspects of lacunes have recently been reviewed
extensively.*>'® The first reports on lacunes emerged from France where the term
lacune was introduced by Dechambre in 1838.% In 1901 Pierre Marie described the
clinical features in 50 cases with lacunar infarcts and introduced the term "état
lacunaire” or lacunar state.'*? Interest in lacunes revived again after the
clinicopathologic studies of Fishers®6467%.1% and after the introduction of CT and
magnetic resonance imaging {(MRI).

Lacunar infarcts are caused by occlusion of one single, small, deep perforating or
penetrating artery.* These penetrating branches arise directly from the large cerebral
arteries (Fig.1.1).%% They are endarteries, which means that they have no collater-
als, although rare anastomoses between them have been described. 148 The following
groups of penetrators can be distinguished*s%®2% the medial striate arteries,
including the recurrent artery of Heubner, which branch from the anterior cerebral
artery; the lateral striate arteries which branch from the middle cerebral artery; the
anterior choroidal artery and additional small branches from the internal carotid
artery; the thalamoperforant arteries (thalamotuberal, thalamoperforate, thalamo-
geniculate and posterior choroidal arteries) which are branches of the posterior
cerebral artery; and paramedian branches of the basilar artery. The size of the lacunes
ranges from approximately 0.5 to 15 mm in diameter® and from 0.36 to 6 ml in
volume,® depending on the territory supplied by the occluded artery.'s* At autopsy,
the diameter of the involved artery varies between 0.04 and 0.8 mm.**% The size of
the lacune is generally related to thesize of the involved penetrating artery and to the
site of the occlusion.® More proximal occlusions result in larger infarcts, because
most penetrating arteries branch one or more times. 15152

Lacunar infarcts are mainly located in internal capsule and corona radiata,
lentiform nucleus (mainly putamen), thalamus, caudate nucleus and pons.**8ince the
introduction of CT, most lacunar infarcts can easily be visualized. However, CT has
the limitation that small lacunes may be missed,'*>!¢2!7 especially in the posterior
fossa. In two studies with serial CT scanning, about 70% of the clinically suspected
lacunar infarcts were visualized.’*'2* MRI seems to be superior to CT in detection of
lacunar infarcts,?'®2 especially in the posterior fossa,*"#2121933]though the specificity
of MRI is lower. At present, low availability of MRI limits its use in general clinical
practice.

Lacunar hypothesis
The lacunar hypothesis presumes, firstly, thatlacunar infarcts can usually be recognized

from specific clinical syndromes, and, secondly, that they are usually caused by a
distinct vasculopathy of the small perforating arteries.®!*8 The foundation of the first
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Figure 1.1 Plastic cast (magnification 11x) showing some perforating branches {black and
white arrowheads) arising, with almostright angles, from the middle cerebral artery (MCA).
White arrow indicates division of MCA (from Marinkovic et al }#),

part of the hypothesis was laid in some clinicopathological studies, mainly by Fisher,
done on a small number of autopsied cases 3106063656769,/ LIS, 35130176177y these stu-
dies, autopsy confirmed lacunes in cases of pure motor stroke (PMS),3940:60.65,69,105,133,177
pure sensory stroke (PS§$),*¢""1 ataxic hemiparesis (AH)¢>%*¢ (including dysarthria-
clumsy hand syndrome and homolateral ataxia and crural paresis),and sensorimotor
stroke (SMS).5%15017¢ Many other lacunar syndromes have been reported’® 19122184y ¢
they are uncommon and lack clinicopathological correlation.

Although the spatial resolution capacity of CT is limited, many CT studies in
patients with one of these four lacunar syndromes showed compatible lacunar
infarcts. The clinical value of the lacunar syndromes in diagnosing lacunar infarction
has been questioned, because CT showed a pathologic heterogeneity (cortical
infarcts, hemorrhage or non-vascular causes) in patients with these syndromes.
l3,15,23.40\,5]{,72,7&,82,88.100.310,I26,UO,]13:$,13&,155.H56,l611,169,172,|79,l83,lﬂ‘),i9114‘204,20&210.213,216<111M05t Df thesﬂ
studies were single case reports or comprised only a small number of patients.
Recently the clinical usefulness of the lacunar syndromes was further substantiated
in a large community-based study.” In this study, only 6 of 108 patients (6%) with a
lacunar syndrome had alesion not compatible with occlusion of one single perforating
artery, yielding a positive predictive value of 94%. However, sensitivity, specificity
and negative predictive value of the lacunar syndromes in diagnosing lacunar
infarction could not be assessed. No single study determined the overall validity of
the syndromes in diagnosing lacunar infarction. Obviously, more large clinical
studies are needed to establish the clinical usefulness of the lacunar syndromes in
diagnosing lacunar infarction.

The second part of the hypothesis concerns the pathogenesis of lacunar infarction,
stating that lacunar infarcts are usually caused by a distinct vasculopathy of the small
perforating arteries. This part of the hypothesis has been generated from a small
number of autopsy studies by Fisher®®57% and is further discussed in the next
section. 17



Pathogenesis of lacunar infarction

Several pathogenetic mechanisms explaining lacunar infarcts have been proposed in
the past 20 years. The most valuable hypothesis was introduced by Fisher and was
mainly derived from two pathological studies.® “ Fisher hypothesized that occlusion
of a small perforating artery is caused bya spemhc small vessel disease. He described
two distinct small vessel vascumpatm@s The first one is hpmhyalmosms, affecting the
smaller penetrating arteries (below 0.2 mm in diameter):* He suggested that this
vasculopathy is related to chronic hypertension,®'** and that it accounts for many
of the smaller lacunes, especially those that are clinically asymptomatic.6415¢
Lipohyalinosis consists of segmental vessel wall destruction with fibrinoid and
collagen deposits in the arterial vesse] wall and eventually superimposed thrombotic
occlusion.® A related condition is fibrinoid necrosis or degeneration, occurring in
patients with severe “malignant” hypertension,® and found in cerebral, retinal and
renal arteries. '

A second vasculopathy, different from lipohyalinosis, was described in patients
with larger symptomatic lacunes. 75 Iy this vasculopathy, microatheroma
narrowed or occluded the penetrating artery proximally at its orifice, sometimes with
a superimposed thrombus.® These microatheroma are believed to be the most
frequent cause of single, symptomatic lacunes.®”®*** According to Fisher, these small
vessel vasculopathies, especially lipohyalinosis, result from hypertension. However,
more recent studies showed that not every patient with lacunar infarction had
hypertension.® ¥ Besides the small vessel vasculopathy, other pathogenetic
mechanisms have been proposed. Microembolism was suggested by Fisher in two
cases because the arteries supplying the infarct were patent and intact, butan embolic
source was not found.® Potential cardiac and carotid sources of embolism have been
suggested in sorne clinical studies, 8013816116918 hyt jn other studies these sources of
embolism were infrequent, 119137163, 20 Definite conclusions about the role of embolism
in lacunar infarction cannot be drawn, due to these contradictory findings and
methodological shortcomings of some of these studies,8%119.161.163,169.18%205 Ay present
lacunar infarction is most probably caused by the two described forms of small vessel
vasculopathies, but embolism cannot be ruled out definitely. This is in large part due
to the lack of neuropathological studies and scarcity of large prospective clinical
studies,

The diameter of lacunar infarcts does usually not exceed 15 mm,* but Fisher
described also large lacunar infarcts, so-called "giant” or "super” lacunes, "putamino-
capsulo-caudate infarcts", or capsular infarcts. ¢ Others called them striatocapsular
infarcts.'® Terms like "giant" or "super" lacunes suggest that these large subcortical
infarcts have similar pathogenesis as lacunar infarcts. However, in studies on these
large subcortical infarcts,!1%1%18.215 most patients had a potential cardioembolic
source or large vessel occlusive disease, features that argue against small vessel disease
as usual cause. However, these studies do not allow definite conclusions about the
pathogenesis of large subcortical infarcts.

18



Figure 1.2 CT scan of a 78 year old patient  Figure 1.3 CT scan of a 71 year old patient
with a lacunar syndrome (SMS) showing a  with a PMS showing a lacunar infarct in the
small hemorrhage in the posterior limb of  pons on the right side (arrow).

the right internal capsule (arrow).

Clinical syndromes

Usually, patients with symptomatic lacunar infarction present clinically with one of
the lacunar syndromes, %7019 which are composed of focal symptoms and signs
present at the time of maximal deficit, following a single, focal cerebrovascular
event.” The presence of a visual field deficit, evidence of higher cerebral dysfunction
(e.g. dysphasia, visuospatial disturbance, apraxia, agnosia or neglect) or features that
clearly localize the lesion to the brainstem (except nystagmus or dysarthria) exclude
the diagnosis of a lacunar syndrome.””® However, in rare instances patients with
lacunar infarction may have dysphasia or neglect,!220.31.57.70.203200 \ yregyer, lacunar
syndromes have also resulted from cortical infarcts, hemorrhage or non-vascular
causes (Fig-l-z) 13,15,23,40,51,72,78,82,88,100,110,126,130,135,138,155,156,161,1 66,1 72,179,183,18%9,191,204,208,210,213,

us218 hut mostly as single cases.

Pure motor stroke (PMS) is the most frequent lacunar syndrome. It was defined by
Fisher and Curry in 1965 as a complete or incomplete paralysis of the face, arm and

leg on one side and unaccompanied by sentsory signs, visual field defect, dysphasia,
apraxia, agnosia, vertigo, deafness, tinnitus, diplopia, cerebellar ataxia, or gross
nystagmus.® Initially, subjective sensory symptoms might be present, but there
should not be any objective sensory loss on standard clinical testing.” Some patients
havedysarthria. Based on subsequent reports,*>!7? partial syndromes with faciobrachial
orbrachiocrural weakness were also included.” Isolated monoparesis was not considered
as a lacunar syndrome, because Fisher suggested that the more restricted the
neurological deficit, the more likely it had resulted from a cortical lesion.»*° However,

19



no single study determined prospectively whether monoparesis is usually caused by
cortical rather than Jacunar infarction. PMS can be caused by lacunar infarction
anywhere along the corticospinal pathway from the cerebral cortex tothe medullary
pyramid.® The syndrome isusually caused by lacunes in internal capsule, 5250161172216, 27
corona radiata®>'*.2¢ or pons (Fig.1.3) % but lacunes in lentiform nucleus,''2¥7
cerebral peduncle'®® and medulla‘ry pyramid,**'*3'7” have also been described.

; se (P8S) mnszsts of persistent or transient num’bnes& and/or sensory
loss in one side of the body, including face, arm and leg, without weakness, vertigo,
diplopia, dyﬁaﬂhna dysphasia, visual field defect, nystagmus or memory loss.**
Patients without objective sensory loss on examination were also considered to have
suffered a PSS.767! Faciobrachial or brachiocrural deficits were also included.”®
Originally, Fisher found lacunes in the thalamus (ventral posterolateral part) at
autopsy.®"” Usually CT shows no infarct, because the lesions are probably too small
to be visualized,” but lacunes have been found on CT in the thalamus, 131176185 30 d
thalamocapsular region;?** and on MRI in the pons,'® and thalamus.!®

Ataxic hemiparesis (AH) is a syndrome of hemiparesis and cerebellar-type ataxia on

the same side of the body.®**® On examination, ataxia is out of proportion to the
degree of weakness. The syndrome was originally described as homolateral ataxia and
crural paresis.® Italsoincludes so-called dysarthria-clumsy hand cases.® The syndrome
is due to interruption of corticospinal and either cerebellarcortical or corticocerebellar
pathways. AH may follow lacunar infarction in the contralateral corona radiata, the

posterior limb of the internal capsule, or the pons (Fig. 1.4),284547,52,6890,100,108,112,133, 116,112,127,
161,167,187,195,207,214,217

In sensorimotor stroke (SMS), unilateral motor and objective sensory loss exists,”150

including faciobrachial or brachiocrural deficits due to interruption of both
corticospinal and thalamocortical pathways. Originally only a few patients with SMS
due to CT or autopsy proven lacunar infarction have been described.”® %017 the first
reported case of SMS$, a lacunar infarct was found in the ventral posterolateral nucleus
of the thalamus, while the adjacent internal capsule showed some pallor
(thalamocapsular ischemia).!*? Initially, SMS was not regarded as a lacunar syndrome
because it was considered unlikely that involvement of both thalamus and internal
capsule, which are supplied by separate subsets of penetrators, could result from the
occlusion of one single perforating artery. However, vascular connections between
thalamus and internal capsule have been demonstrated, %2 whereas CT revealed
lacunes in thalamocapsular region,'*'"¢ anterior and posterior limb of internal cap-
sule, ! lentiform nucleus extending up to the corona radiata,* caudatoputaminal-
capsular region,® and corona radiata (Fig.1.5).11°

20



Figure 1.4 CT scan of a 67 year old patient  Figure 1.5 CT scan of a 76 year old patient

with a AH showing a lacunar infarctin the  with a SMS showing a lacunar infarct in the

left corona radiata (arrow). posterior limb of the left internal capsule
(arrow).

Leuko-araiosis

The term leuko-araiosis (from the Greek words leuko and araiosis, which mean white
and rarefaction, respectively) was introduced by Hachinski and colleagues™ for the
periventricular diffuse white matter lucencies of undetermined origin on CT (Fig.5.1).
These white matter lucencies were originally attributed to subcortical arteriosclerotic
encephalopathy or Binswanger's disease,#/113.124139.140.170178 byt they have also been
described in normal subjects, >33 in patients with stroke® or with vascular risk
factors, and in dementia of the Alzheimer's type 2711317319 Autopsy in patients with
leuko-araiosis showed small vessel disease with hyalinization and segmental fibrinoid
arterial degeneration of the small perforating arteries, lacunes, cystic lestons and
demyelination,3250.7987.12414017%8 Some of these cystic lesions have the same histologic
characteristics as lacunar infarcts, whereas others could be considered as dilatation of
perivascular spaces. The small vessel disease resembles lipohyalinosis. Therefore,
according to autopsy data, lipohyalinosis seems to be involved in the pathogenesis
of leuko-araiosis. The small vessel vasculopathy probably leads to chronic ischemia
inthe arterial border zones resulting in demyelination and gliosis of the periventricular
white matter, visible as leuko-araiosis on CT.
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Lacunar infarcts; natural history and
validity of the clinical syndromes







Introduction

Lacunar infarcts constitute up to 25% of all ischemic strokes, forming anumericaily
important subgroup.’2*#12.5L174 It {5 important to define their pathogenesis and
natural history, because they may warrant treatments different from infarcts involving
the cerebral cortex.!9+*'

The lacunar hypothesis suggests, firstly, that symptomatic lacunar infarcts usually
present with specific so-called lacunar syndromes, and, secondly, that they are
usually caused by adistinct vasculopathy of the small perforating arteries.® A prospective
community-based study substantiated the first partof the hypothesis by determining
the positive predictive value of the lacunar syndromes,” but sensitivity, specificity and
negative predictive value could not be assessed. However, others still question the
clinical value of the lacunar syndromes because case reports have associated them
with a range of pathologies on CT, e.g. cortical infarcts, hemorrhage or nons-vascular
causes. ¥2316LIT226T pur knowledge, no single study has been attempted to determine
the overall validity (sensitivity, specificity and predictive values) of the lacunar
syndromes in diagnosing symptomatic lacunar infarction.

The second part of the lacunar hypothesis is more difficult to investigate. There
are only a few pathological studies because of the low early case fatality rate.5® A recent
community-based study suggested that very few lacunar infarcts are likely to be
caused by cardiac embolism,'¥ and artery-to-artery embolism from the carotid artery
is also an unlikely cause,'*'%320 thys suggesting indirectly that small vessel disease is
the most likely cause. Further evidence could come from studying the natural history
of lacunar infarcts: if recurrent infarction would significantly more often be lacunar
in patients with initial lacunar infarction than in those with an initial cortical
infarction, this would suggest different underlying vascular pathologies in lacunar
and cortical ischemic stroke. In the only natural history study of lacunar infarction,
recurrent infarcts could not reliably be classified.”

In the present study we established the validity (sensitivity, specificity and
predictive values) of the lacunar syndromes in diagnosing lacunar infarction, using
a prospective, hospital-based registry of all first-ever supratentorial brain infarcts, we
compared the natural history of patients with lacunar and cortlcal infarcts, and we
tested the hypothesis that in case of two distinct vascular pathologies in lacunar and
cortical infarction, recurrent infarcts would be of the same subtype as the first one.

Patients and methods

The patients were registered between July 1987 and August 1989 in a prospective
registry at the University Hospital of Maastricht of all patients with a first-ever
supratentorial brain infarct with symptoms lasting longer than 24 hours. The
University Hospital is the only hospital in Maastricht with an adherent population
of 180,000 people. All patients were examined as soon as possible after admittance.

Routine investigations included standard blood and urine tests, electrocardio-
graphy, chest radiography, non-invasive carotid studies, and CT. Echocardiography,
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24 hour-electrocardiographic (Holter) monitoring and cerebral angiography were
performed in selected cases.

Brain infarction was defined as rapidly developing clinical signs of focal disturbance
of cerebral function, lasting longer than 24 hours or leading to death, with no
apparent cause other than that of vascular origin,”**'% while CT showed an area of
low attenuation compatible with the clinical signs and symptoms or with no specific
lesionr on €T, or when autopsy revealed an infarct compatible with the clinical
symptoms and signs.” When neither CT nor autopsy were available, we used the Guy's
Hospital Stroke Diagnostic Score (Allen score) to predict the probability that the
stroke was due to infarction.? Probable infarction was diagnosed when the score was
lowerthan 4, i.e. the probability that the stroke was due to infarction was larger than
90%.%7

Two types of infarction were distinguished: lacunar infarction, and infarction
involving the cortex. Lacunar infarction was defined as a case of a lacunar syndrome
in which CT findings were compatible with cerebral infarction due to occlusion of
onesingle perforating artery,” i.e. a subcortical, small, sharply marginated hypodense
lesion with diameter smaller than 20 mm, or if no specific lesion was visible on CT.
We distinguished four lacunar syndromes: pure motor stroke (PMS), sensorimotor
stroke (SMS), pure sensory stroke (P8S) and ataxic hemiparesis (AH; including
dysarthria-clumsy hand cases)”” (see also Appendix).

Infarction involving the cortex was defined as a case of a cortical syndrome, i.e.
a unilateral motor or sensory deficit, or both, in combination with signs of cortical
dysfunction (e.g. aphasia, visual field deficit, visual spatial disturbances, apraxia,
neglector agnosia), in which CT findings or autopsy were compatible with infarction
involving the cortex, or if no specific lesion was visible on CT. Patients with large
subcortical infarction were also included in this group, because pathogenesis is
similar toinfarction involving the cortex'6341% (see also Chapter 7). Infarcts involving
the cortex were divided into three groups by presumed cause: cardioembolic,
atherothrombotic, and rare etiologies. Cardioembolic infarction was defined as an
infarct involving the cortex in the presence of one of the following cardiac sources of
embolism: atrial fibrillation (chronic, paroxysmal), recent myocardial infarction (less
than 6 weeks), prosthetic aortic or mitral valve, endocarditis, cardiomyopathy, mitral
stenosis, left ventricular aneurysm, and intraventricular thrombus. Atherothrombotic
infarction was defined as an infarct involving the cortex, with no other apparent
cause than large vessel disease, i.e. atherothrombosis or artery-to-artery embolism.
The last group contained cases with rare eticlogies, such as vasculitis, arterial
dissection, fibromuscular dysplasia and hematologic disorders.

The follow-up of patients with lacunar infarction was compared with that of
patients with atherothrombotic infarction. Patients with cardioembolic infarction
were excluded from this analysis because we wanted to compare cerebral small vessel
disease and (pre-) cerebral large vessel disease, Furthermore, concomitant cardiac
disease would incidentally affect the natural history of cardioembolic infarction
adversely. The patients were followed prospectively by one of the neurologists of our
department, and were seen every 3 to 6 months. Special attention was paid to the type
of recurrent infarction or cause of death. Handicap was measured using the modified
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Table 2.1 Distribution of lacunar syndromes and CT findings in 109 patients presénting
with a lacunar syndrome.

Syndrome Number of No infarct Lacunar Other
patients infarct lesion

PMS 50 21 22

SMS 40 16 20 4

AH 17 3 14

PSS 2 1 1

Total 109 41 57 11

Rankin scale,'0-171.200.206211 Patients with Rankin grade 0, 1 and 2 were considered
independent; grade 3, 4 and S were considered dependent.

Although it has recently been established that there is no bias from accompanying
patient information in detection of lacunar infarction in brain CT scans,?® CT scans
were independently reviewed by two neurologists without knowledge of the clinical
syndrome. In case of disagreement on the presence of an infarct, CT was regarded as
negative. There was no disagreement on the distinction of lacunar and non-lacunar
infarcts.

Proportions are given with 95% confidence intervals (CI).”” Validity of the lacunar
syndromes in diagnosing lacunar infarction were determined by assessing sensitivity,
specificity and predictive values.'® Survival rate and the risk of recurrent infarction
weredetermined using Kaplan-Meier estimation techniques, with Breslow (generalized
Wilcoxon) testing.!” Dichotomous variables were analyzed using odds ratios (OR)
with 95% CI,**7'® and chi-squared test with Yates correction.

Results

From 1 July 1987 until 1 August 1989, 252 patients with a first-ever supratentorial
braininfarct were registered. Mean timebetween onset of symptoms and examination
was 2 days (range: 0-14; two patients were examined after 30 days).

One hundred and nine patients (43%; 95% CI 37-49%) had a lacunar syndrome;
all patients had CT scan. Eighty percent of the patients with lacunar infarction had
CT within one week and 93% within two weeks after admission. Of the 46 patients
with a normal first CT, 29 had a second CT which showed a lacunar infarct in five,
Distribution of lacunar syndromes and CT findings are given in Table 2.1. A lacunar
infarct on CT was seen in 57 patients (52%; Table 2.1). Eleven patients (7 PMS, 4 SMS;
10%) had no lacunar infarct but an infarct involving the cortex on CT compatible
with the symptoms, nine of which were located in the right hemisphere. These eleven
patients were included in the cortical infarction group.

One hundred and forty-three patients presented with a cortical syndrome. Seven
of these patients (5%) had neither CT nor autopsy, but an Allen score lower than 4.
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Table 2.2 Sensitivity, specificity and predictive values of the lacunar syndromes in
diggnosing lacunar infarction.

CT compatible CT not compatible Total
with lacunar with lacuriar
infarction infarction
Patients with 98 11 109
lacunar syndsome
Patients without 5 138 143
lacunar syndrome
Total 103 149 252

Eighty-five percent of the patients with cortical infarction had CT within one week
and 93% within two weeks. Five patients had no cortical infarct but ipsilateral lacunar
infarction on CT, which might have caused the symptoms. These five patients were
included in the lacunar infarction group. Thus, in total there were 103 cases of
lacunar infarction (41%; 95% CI 35-479%), and 149 cases of infarction involving the
cortex. Among the 149 patients with infarction involving the cortex, 50 had
cardiovembolic infarction and 94 atherothrombotic infarction. The group with
miscellaneous causes contained five patients, completing the 252 registered patients
with a first-ever supratentorial brain infarct,

Sensitivity and specificity of the lacunar syndromes in diagnosing lacunarinfarction
were 95% and 93%, respectively. Positive and negative predictive values of diagnosing
lacunarinfarction in patients with lacunar syndromes were 90% and 97%, respectively
(Table 2.2).

The follow-up of patients with lacunar infarction was compared with that of
patients with atherothrombotic infarction. The mean age of patients with lacunar
infarction was 67.2 (SD 10.3) years. There were 57 men (55.3%). The 94 patients with
atherothrombotic infarction had amean age of 69.7 (SD 13) years. There were 59 men
{62.8%). Mean duration of follow-up was 11 months (range 24 days-26 months} in
the patients with lacunar infarction, and 11 months (range 3 days-29 months) in the
patients with atherothrombotic infarction.

Survival rates in both groups are given in Fig. 2.1, Patients with lacunar infarction
had better survival during follow-up than patients with atherothrombotic infarction
(p=0.0002). One year cumulative survival was 85% in the lacunar infarction group
and 72% in the atherothrombotic infarction group (OR 3.37; 95% CI 1.52-7.48;
p<0.05). In the lacunar infarction group, twelve patients died during the follow-up
period (Table 2.3), Two patients died after one month, resulting in an one-month case
fatality rate of 296. In the atherothrombotic group, 30 patients died during the follow-
up period (Table 2.3). Eleven patients died within one month, due to neurologic
sequelae of the infarct, resulting in an one-month case fatality rate of 12%, which is
significantly higher than in the lacunar infarction group (OR 0.15; 95% CI 0.03-0.70;
p<0.05).
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Figure 2.1 Kaplan-Meier curves showing percentage surviving one year after lacunar
infarction (solid line) or atherothrombotic infarction (broken line). Survival was better in
patients with lacunar infarction (p=0.0002).
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Figure 2.2 Kaplan-Meier curves showing percentage free of recurrent infarction one year
after lacunar infarction (solid line) or atherothrombotic infarction (broken line). Risk of
recurrent infarction did not differ in both groups (p=0.08).
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Figure 2.3 Kaplan-Meier curves showing percentage surviving free of recurrent infarction
one year after lacunar infarction (solid line) or atherothrombotic infarction (broken line).
Survival free of recurrent infarction was better in patients with lacunar infarction
(p=0.002).

Risks of recurrent infarction did not differ in both groups (p=0.08; Fig. 2.2). One-year
cumulative risk of recurrence was 5% in the lacunar infarction group and 2% in the
atherothrombotic infarction group (OR 2.79; 95% CI 0.29-27.10). There were seven
recurrent infarcts in the lacunar infarction group during the follow-up period. They
appeared between 5 and 16 months after stroke. One patient had large hemorrhagic
infarction and died of transtentorial coning. The other six patients had a recurrent
lacunar syndrome (all PMS), three in the same hemisphere and three in the

Table 2.3 Cause of death in the patients with lacunar and atherothrombotic infarction
during mean follow-up of 11 months.

Cause of death Lacunar Atherothrombotic
infarction infarction
n=12 n=30
Early complications of 1 11
infarct { 1 month)
Late complications of - 6
infarct (>1 month)
Cardiac
Other 7 8
Unknown 1 1
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Table 2.4 Number of ADL-independent patients on admission and after 3 to 6 months in
lacunar and atherothrombotic infarction. An OR larger than 1 indicates a higher number
of patients in the lacunar infarction group.

ADL-independent Lacunar Atherothrombotic OR 95% 1 p*
infarction infarction
n=103 (%) n=94 {46)

On admission 32 (31) 15 (16) 2.37 119 4.73 <0.028
After 3-6 85 (83) 43 (46) 5.60 2.93-10.69 <0001
months

* chi-squared test with Yates correction

contralateral hemisphere. In two of five who had CT after recurrence, a new lacunar
infarct was seen, whereas three had no new specific abnormalities. In the
atherothrombotic infarction group, only two patients had recurrent infarction: one
after 7 months and one after 2 years. Both patients had a recurrent cortical syndrome.
No CT was performed after these recurrences. Surviving free of recurrent infarction
is shown in Fig. 2.3. Patients with lacunar infarction had better survival free of
recurrent infarction than patients with atherothrombotic infarction (p=0.002). One
year cumulative risk of either dying or having a recurrent infarct or both was 209 in
thelacunar infarction group and 30% in the atherothrombotic infarction group (OR
2.65; 95% CI 1.27-5.54; p<0.05).

At the time of admission, 31% of the patients with lacunar infarction were
independent regarding their activities of daily life (ADL), with no significant differences
between the different lacunar syndromes (Table 2.4), whereas at three to six months
after stroke (time of first follow-up) 83% were independent. In the atherothrombotic
infarction group, 16% of the patients were functionally independent on admission,
whereas 46% after three to six months. This means that significantly more patients
with lacunar infarction than atherothrombotic cortical infarction were functionally
independent at admission and after three to six months.

Discussion

Lacunar syndromes are clinical syndromes that are usually caused by lacunar infarcts,
which usually result from small vessel disease occluding one small perforating
artery.”860-6467-70150This clinico-pathological correlation was tested and substantiated
in a prospective community-based study,” in which the four lacunar syndromes of
PMS, SMS, PSS and AH were carefully defined, and substantiated by correlation with
CT findings.” In that study, only 6 out of 108 patients (6%; 95% CI 1.3-9.9%) with a
lacunar syndrome had a lesion on CT not compatible with occlusion of one single
perforating artery. Others using the same definitions also supported the clinical
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usefitlness of the lacunar syndromes.'?*'” Patients with lacunar syndromes and nor-
mal CT have often lacunar infarction on MRI,*?71#2 sustaining the assumption that
lacunar syndromes with normal CT indeed result from lacunar infarction. Therefore,
we used the same definitions as Bamford ef al.” Pathologic heterogeneity in patients
with lacunar syndromes was reported, #1722 byt the syndromes in these studies
were often not carefully defined. Eleven patients (10%) with a lacunar syndrome in
our study had an infarct involving the cortex. Nine of these infarcts were located in
the right, non-dominant hemisphere. Obviously, especially cortical infarcts in the
right hemisphere can be confused with lacunar infarcts. This could be explained by
the absence of signs of cortical dysfunction in right hemisphere cortical infarcts, or
by the fact that subtile cortical signs may be missed on routine neurological
examination. Only 5% of our patients with lacunar infarction were not recognized
clinically because they did not present with one of the lacunar syndromes. We found
positive and negative predictive values of 90% and 97%, with a pretest probability of
41%, showing that the lacunar syndromes are a good or even excellent clinical test
to diagnose lacunar infarction.

Our data show that 41% (95% CI 35-47%) of all registered patients with a first-ever
supratentorial brain infarct had a lacunar infarct. In other hospital-based studies the
percentage of lacunar infarcts among all cases of cerebral infarction varied between
13 and 22%.223#.55 In two population-based studies about 25% of all registered
patients with cerebral infarction had a lacunar infarct.”'”* However, we only registe-
red supratentorial brain infarcts, whereas lacunar infarcts can also occur in the
brainstern. The percentage of lacunar infarcts among all types of cerebral infarction,
including in the brainstem, would then subsequently be lower. Patients with lacunar
infarcts may be underrepresented in hospital-based studies as compared to population-
based studies because having less neurological deficit they may less frequently be
referred to hospital.” The actual frequency of lacunar infarction in our population at
large might therefore even have been higher. On the other hand, our hospital is the
only one in the Maastricht referral area, whereas furthermore only approximately
16% of stroke patients in the Netherlands are not admitted to hospital.!® These are
probably mainly rapidly lethal and rapidly reversible strokes, usually representing
cerebral hemorrhage and transient ischemic attack (TIA), respectively, both of which
are not included in our study. Moreover, the proportion of lacunar stroke in our series
is quite similar to that in the community-based Oxfordshire Community Stroke
Project,” suggesting there is no major referral bias in our study. It is obvious that
lacunar infarcts form a numerically important subgroup among patients with
cerebral infarction. It is therefore important to distinguish this subgroup in future
stroke treatment trials because they may warrant treatments different from cortical
infarcts.

About 50% of the patients with a lacunar syndrome had a lacunar infarct visible
on CT. Previous studies report positive CT for lacunar infarcts in 35-50%,”'%' while
serial CT scanning, and the use of 3 mm CT slices, ' increased the detection rate up
to 76%.5%'2 Five of twenty-nine patients (17%) with a negative CT in our study
showed a lacune on a second CT scan. Obviously, this low yield does not justify
repeated CT scanning in all patients with lacunar stroke just to verify the stroke was
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due to lacunar infarction.

Does the natural history of patients with lacunar infarcts differ from that of
patients with atherothrombotic infarcts involving the cortex? One-month case
fatality rate was less and survival was better during follow-up in patients with lacunar
infarction. These findings agree with thosein a previous study.” Our data of patients
with atherothrombotic infarction were in agreement with those for cerebral infarction
in general in two previous studies.''”” The higher one-month case fatality rate and
lower survival in patients with atherothrombotic infarction are caused by deaths due
to early (transtentorial coning) and late complications. Risk of recurrent infarction
was similar in patients with lacunar and atherothrombotic infarction, although the
figures were small. Survival free of recurrent infarction was better in patients with
lacunar infarction. More patients with lacunar infarction were ADL-independent on
admission as well as after 3-6 months. This was probably due to the absence of cortical
dysfunction in the lacunar infarction group. So, our data sustain the general clinical
assumption that the natural history in patients with lacunar infarcts is less unfavorable
than in patients with atherothrombotic infarcts involving the cortex, with regard to
both survival and disability.

Of the seven recurrent infarcts in the lacunar infarction group, six were lacunar
again. The two patients with recurrent infarction in the atherothrombotic cortical
infarction group, had a cortical syndrome again. These findings support the hypothesis
that two distinct vascular pathologies underlie lacunar infarcts and atherothrombaotic
infarcts involving the cortex: patients with lacunar infarcts suffer from small vessel
disease occluding the small perforating arteries; and patients with atherothrombotic
infarcts involving the cortex suffer from large vessel disease, with carotid
thromboembolism or local atherothrombosis. This hypothesis does not imply that
the two vascular pathologies are mutually exclusive; some patients may suffer from
both types of infarction, like our one lacunar patient with a recurrent cortical infarct.
Of the six recurrent lacunar infarcts, three were located in the contralateral hemisphere,
suggesting a generalized small vessel disease in both hemispheres. Whether small and
large vessel disease are independently different vasculopathies, or whether both
result from one vasculopathy of which small vessel disease becomes symptomatic
first,” remains to be shown. Another question is how many patients with symptomatic
lacunar infarction ultimately develop a lacunar state with corresponding dementia.
To answer both these questions, long-term follow-up of lacunar stroke patients is
required.
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Isolated monoparesis is not a lacunar
syndrome







Introduction

Pure motor stroke (PMS), one of the lacunar syndromes, was defined by Fisher and
Curry in 1965 as a complete or incomplete paralysis of face, arm and leg on one side
of the body.® Later, partial syndromes of brachiocrural or faciobrachial weakness
were also included in the definition of PMS, because CT revealed lacunar infarcts in
patients with these partial syndromes.”® Fisher and Curry®® suggested that a pure
motor monoplegia without accompanying sensory or speech signs could be caused
by a cortical infarct involving the motor cortex or by a lacunar infarct in corona
radiata, internal capsule or pons. However, monoparesis was not considered as a
lacunar syndrome,*® because the more restricted the neurological deficit, the more
likely it had resulted from a cortical lesion in the absence of a hemianopia or higher
cerebral dysfunction. Later, Fisher stated that a monoplegia is never due to.occlusion
of a deep penetrating branch.” However, isolated facial weakness,%'% brachial
weakness,'*® and crural weakness®>'3%172 have been described in association with
lacunar infarcts on CT. Yet, this does not imply that Fisher's original suggestion that
isolated monoparesis usually results from a cortical rather than a lacunar infarct, is
incorrect.

So far, no prospective study has determined whether monoparesis is usually due
to cortical or lacunar infarction. To assess whether monoparesis is usually secondary
to a lacunar or cortical infarct, we determined the site of infarction on CT in patients
with isolated monoparesis that were part of a prospective series of 252 patients
presenting with their first-ever supratentorial brain infarction.

Patients and methods

The patients were registered between July 1987 and August 1989 in a prospective
registry of all patients with a first-ever supratentorial brain infarct with symptoms
lasting longer than 24 hours. One of the aims using such a registry was to establish
the validity of the lacunar syndromes by clinical assessment of the patients without
knowledge of CT findings.

Isolated monoparesis was defined as paresis of either face, arm, or leg, without
signs of cortical dysfunction (e.g. aphasia, neglect, visual field deficit), and with or
without sensory disturbances.

Routine investigations included: standard blood and urine tests, electrocardio-
graphy, chest radiography, non-invasive carotid studies, and CT. Echocardiography,
24 hour-electrocardiographic (Holter) monitoring and cerebral angiography were
performed in selected cases.

The following risk factors were recorded: hypertension (known hypertension
treated with anti-hypertensive medication; two or more blood pressure-recordings
higher than 160/90 mm Hg before stroke or at least one week after stroke), diabetes
mellitus (known diabetes treated with diet and/or medication; fasting serum glucose
higher than 6 mmol/] at least measured on two occasions), and history of ischemic
heartdisease (myocardialinfarction, angina pectoris). Presence of one of the following
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Table 3.1 Clinical features of the seven patients with an isolated monoparesis without signs
of cortical dysfunction.

Cliriieal feéatire Patients
1 2 3 4 5 6 7

Sex M b F M B M M
Age (years) ‘ 39 62 73 71 70 43 54
Monoparesis

face - - - - - - -

arm * * - + - + +

leg - “ 3 - + - -
CT sean

no jesion - 4 - - - +

lacunar infarct B
cortical infarct + + + + + - +

Risk factors

hypertension - + + + - - -

diabetes mellitus - - + - . . .

history of ischemic

" heart disease - - + + - - -

Cardioemibolic source - - + + - - -
Significant [CA

stenosis - - . - -
Follow up

complete recovery  + + + + + + +

cardiac sources of embolism was determined: atrial fibrillation (chronic, paroxysmal),
recent myocardial infarction (less than 6 weeks), prosthetic aortic or mitral valve,
endocarditis, cardiomyopathy, mitral stenosis, left ventricular aneurysm, and
intraveritricular thrombus.

Axial CT scans were made with a Philips Tomoscan 350 or a Siemens Somatom Plus
with consecutive slices of 9 or 10 mm thickness, parallel to the orbito-meatal line.

Results

From 1 July 1987 until 1 August 1989, 252 patients with a first-ever supratentorial
brain infarct were registered. Seven patients (3%; 95% CI 1-5%) had isolated
monoparesis. Table 3.1 shows the clinical features of these seven patients. Five
patients had isolated brachial paresis and two patients had isolated crural paresis.
Paresis involved the whole limb in four patients, only the proximal part in one, and
only the distal part of the limb in two patients. Two patients had slight sensory
disturbances. All patients had complete recovery within 2-4 weeks. Median time
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Figure 3.1 CT scan of patient 1 showinga  Figure 3.2 CT scan of patient 2 showing
smallinfarct with involvement of the cortex  small infarct with involvement of the cortex
and subcortex in the left hemisphere (arrow).  and subcortex in the right hemisphere (arrow).
This hemisphere also contained focal cortical

atrophy.

between onset of symptoms and CT scanning was five days (range: 0 days-4 weeks).
CT showed an infarct involving the cortex and adjacent subcortex (Figs. 3.1-3.6) in
six patients, whereas no lesion was seen in one. All infarcts were small, and were
located in the territory of the middle cerebral artery. None of the patients had lacunar
infarction on CT. Two patients had a potential cardicembolic source: one had
nonrheumatic atrial fibrillation, and one had left ventricular aneurysm following
myocardial infarction. None of the patients had significant stenosis of the ipsilateral
internal carotid artery (ICA) (diameter reduction of more than 50%).

Discussion

The corticospinal tract converges from a rather extensive sensorimotor cortex into a
small tract running through the internal capsule to medullary pyramid and spinal
cord. A small cortical infarct could therefore lead to monoparesis, whereas a lacunar
infarct is more likely to cause more extensive neurological deficit, like faciobrachial,
brachiocrural, or faciobrachiocrural weakness. On these anatomical grounds, Fisher®”°
and Bamford et al.” suggested that monoparesis should notbe considered as a lacunar
syndrome. Although others have found in single cases lacunarinfarction on CT as the
cause of monoparesis,*>!%138.172this does not contradict the concept that the lesion
underlying isolated monoparesis is usually localized in the cortex.

Bogousslavsky et al.? studied clinical features in 380 patients with a middle
cerebral artery pial territory infarct on CT selected from 1303 cases registered in the
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Figure 3.3 CT scan of patient 3 showinga  Figure 3.4 CT scan of patient 4 showing a
small infarct involving the cortex intheright  small infarctinveolving the cortex in the right
hemisphere (arrow). hemisphere (arrow).

Figure 3.5 CT scan of patient § showing a  Figure 3.6 CT scan of patient 7 showing a
small infarct involving the cortex in the left  small infarct involving the cortex in the left
hemisphere (arrow), hemisphere (arrow).

Lausanne Stroke Registry, and found 52 (149%) with monoparesis (either face or arm).
However, this study, only containing patients with cortical infarction on CT, doesnot
exclude lacunar infarction as a possible cause of monoparesis.

We prospectively studied the validity of clinical syndromes in all first-ever
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supratentorial brain infarcts, and found acute isolated monoparesis in seven of 252
consecutive patients (3%; 95% CI 1-5%). All six patients with abnormal CT had an
infarct involving the cortex and adjacent subcortex on CT compatible with the
symptoms, whereas none of the patients had lacunar infarction caused by occlusion
ofonesingle, deep perforating artery. Although prior studies showed that occasionally
monoparesis can result from a lacunar infarct, our study demonstrates that monoparesis
following cerebral infarction is rare, and usually caused by a small infarct involving
the cortex.

All cortical infarcts in our six patients had similar appearance on CT: they were
small and located in middle cerebral artery territory. Some of these infarcts (Figs. 3.1-
3.3) could be interpreted as watershed infarcts, but none of the patients had
experienced prior hypotension. The size of the infarcts indicates that they were
caused by occlusion of a small cortical branch from the middle cerebral artery.

All our patients with monoparesis had a favourable prognosis with complete
recovery within two to four weeks. Probably edema or the penumbra phenomenon
might initially have been the major cause of the symptoms and signs.

Because the lacunar syndromes usually result from the occlusion of one, deep
penetrator,®® we conclude that isolated monoparesis is not a lacunar syndrome.
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Cardiac and carotid embolism are unlikely
causes of lacunar infarction
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Introduction

Lacunar infarctions constitute an important subgroup’$s47018218 representing
between 13 and 25% of all cerebral infarcts.”##125L124Recently we found that 419%
of all prospectively registered patients with a first-ever supratentorial brain infaret
had lacunar infarction (see Chapter 2). It is important to define their pathogenesis
because they may warrant treatments different from infarcts involving the cerebral
cortex, 194%1¢

The lacunar hypothesis suggests that symptomatic lacunar infarcts usually pre-
sent with specific Jacunar syndromes, and that they are usually caused by a distinct
vasculopathy of the small perforating arteries.® A high positive predictive value (949}
of the lacunar syndromes in diagnosing lacunar infarction was established in a
prospective community-based study.” We found positive and negative predictive
values of 90 and 97%, respectively (see Chapter 2), showing that the lacunar
syndromes are indeed a good or even excellent clinical test to diagnose lacunar
infarction.

The second part of the lacunar hypothesis is more difficult to investigate, There
are few pathological studies because of the low early case fatality rate.®* Therefore,
we have to turn to clinical studies to further elucidate the pathogenesis: establishing
the frequency of potential cardiac and carotid sources of embolism would indirectly
lead to more insight into the importance of small vessel disease underlying lacunar
infarction. Some authors suggested the possibility of cardiac embolism in patients
with lacunar infarction.'**'* However, in a recent community-based study, it was
shown that lacunar infarcts are very unlikely caused by cardiac embolism."¥” Some
proposed that lacunar infarction may also be caused by artery-to-artery embolism
from the carotid artery,®*1%1.1% thus arguing against the second part of the lacunar
hypothesis. Others did not find carotid embolism as an usual cause of lacunar
infarction.''*163205 However, these studies on carotid embolism in lacunar infarction
used selected groups of patients®®11%16L163.1 o1 criteria for patient-selection were not
specified.?® Possible carotid embolism should be studied in a prospective series of all
lacunar infarction patients without patient-selection.

Considering the hypothesis that lacunar infarction is usually caused by small
vessel disease, the frequency of cardiac and carotid sources of embolism should be
lower in patients with lacunar infarcts as compared to patients with cortical infarcts.
The aim of the present study is to test this hypothesis by comparing the frequency of
both cardiac and carotid sources of embolism, as well as the frequency of vascular risk
factors, between a well-defined prospective series of patients with a first-ever lacunar
and those with an infarct involving the cortex.

Patients and methods
The patients were registered between July 1987 and August 1989 in a prospective

registry of all patients with a first-ever supratentorial brain infarct with symptoms
lasting longer than 24 hours.
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Lacunar infarction was defined as a case of a lacunar syndrome in which CT
findings were compatible with cerebral infarction due to occlusion of one single
perforating artery,” L.e. a subcortical, small, sharply marginated hypodense lesion
with diameter smaller than 20 mm, or if no specific lesion was visible on CT. All
patients underwent CT examination. We distinguished four lacunar syndromes: pure
miotor stroke (PMS), sensorimotor stroke (SMS), pure sensory stroke (PSS) and ataxic
hemiparesis (AH; including dysarthria-clumsy hand cases)™”° (see also Appendix).

Infarction involving the cortex was defined as a case of a cortical syndrome, i.e.
a unilateral motor or sensory deficit, er both, in combination with signs of cortical
dysfunction (e.g. aphasia, visual field deficit, visual spatial disturbances, apraxia,
neglect or agnosia), in which CT findings or autopsy were compatible with infarction
involving the cortex, or if no specific lesion was visible on CT. Patients with large
subcortical infarction were also included in this group, because pathogenesis is
similar to infarction involving the cortex!51341% (see also Chapter 7). Seven patients
{59) had neither CT nor autopsy. Infarcts involving the cortex were divided into two
groups by presumed cause: cardicembolic and atherothrombotic. Cardicembolic
infarction was defined as an infarct involving the cortex in the presence of one of the
following cardiac sources of embolism: atrial fibrillation (chronic, paroxysmal),
recent myocardial infarction (less than 6 weeks}, prosthetic aortic or mitral valve,
endocarditis, cardiomyopathy, mitral stenosis, left ventricular aneurysm, and
intraventricular thrombus, Atherothrombotic infarction was defined as an infarct
involving the cortex, with no other apparent cause than large vessel disease, i.e.
atherothrombosis or artery-to-artery embolism.

Routine investigations included standard blood and urine tests,electrocardiography,
chestradiography, non-invasive carotid studies, and CT. Non-invasive carotid studies
consisted of multi-gate pulsed Doppler with spectral frequency analysis, Duplex
scanning, or continuous-wave Doppler. Echocardiography, 24 hour-electrocardio-
graphic (Holter) monitoring and cerebral angiography were performed in selected
cases.

The following risk factors were recorded: hypertension (known hypertension
treated with anti-hypertensive medication; two or more blood pressure-recordings of
higher than 160/90 mm Hg before stroke or at least one week after stroke), diabetes
mellitus (known diabetes treated with diet and/or medication; fasting serum glucose
higher than 6 mmol/] at least measured on two occasions), and history of ischemic
heart disease (myocardial infarction, angina pectoris).

We compared the frequency of potential cardioembolic sources between the
lacunar infarction group and cortical infarction group and the frequency of signifi-
cant stenosis of the ipsilateral ICA (diameter reduction of more than 50%) as a
potential embolicsource, between the lacunar infarction group and atherothrombotic
infarction group (thus excluding the cardicembolic infarction group in the last
compatison).

Differences between the two groups were analyzed using odds ratios with 95%
CI,76357.88 and chi-squared test with Yates correction.
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Table 4.1 Frequency of potential cardioembolic sources in patients with lacunar and cortical
infarction. An OR less than 1 indicates that the cardiac source of embolism is less frequent
in the lacunar infarction group.

Cardiac sources Lacunar Cortical OR 95% C1 p*
of embolism infarction infarction

n=103 (%6} n=144 (36)
NRAF 10 (10) 43 (30) 0.25 0.12-0.53 <0:001
Other 5 (5 7 (5 1.00 0.31-3.24 NS
Total 15 (15) S0 (35) 0.32 0.17-0.61 <0.001

* chi-squared test with Yates correction

Results

From 1 July 1987 until 1 August 1989, 103 patients with a lacunar infarct and 144
patients with an infarctinvolving the cortex were registered. Among the patients with
an infarct involving the cortex, 50 had cardioembolic and 94 atherothrombotic
infarction. In the lacunar infarction group there were 57 males (55.3%) and 46
females with a mean age of 67.2 (SD 10.3) years. In the cortical infarction group there
were 78 males (54%) and 66 females with a mean age of 71.2 (SD 12.4) years, while
in the atherothrombotic infarction-group there were 59 males (62.8%) and 35 ferales
with a mean age of 69.7 (SD 13.0) years.

In the lacunar infarction group, angiography was performed in 17 patients (17%).
Non-invasive carotid studies were not performed in 17 patients (17%) because they
were tooill to cooperate adequately. Angiography was performed in 10 patients (119)
of the atherothrombotic infarction group. Non-invasive carotid studies were not
performed in 19 of these patients (20%) for the same reasons as in the lacunar
infarction group. Overall, 82% of all patients had non-invasive carotid study of which
86% had either multi-gate pulsed Doppler or Duplex scanning, and 14% continuous-
wave Doppler.

A cardiac source of embolism was significantly more common in the cortical
infarction group (Table 4.1). The difference was caused by a statistically significant
higher frequency of nonrheumatic atrial fibrillation (NRAF) in the cortical infarction
group. The numbers of other cardiac sources were too small to allow conclusions on
separate causes.

Ipsilateral ICA stenosis of more than 50% was significantly more frequent in
patients with atherothrombotic cortical infarction compared with the lacunar stroke
patients (Table 4.2). Stenosis of more than 50% of the contralateral ICA was found in
6 patients (7.09%) with lacunar infarction, and in 10 patients (13.3%) with athero-
thrombotic cortical infarction. Prevalence of remaining risk factors did not differ
between patients with lacunar and atherothrombotic cortical infarction (Table 4.2).
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Table 4.2 Frequency of risk factors in patients with lacunar and atherothrombotic infarction.

Risk factors Lacumar Athero- OR 95% CI p™
irtfarction thrombotic
n=103 (96 infarction
=4 (Ob)
Significant ICA 11 (13} 28 (37) 0:35 0.16-0.76 <0.001
stenosis®
Hypertension 51 (50) 35(37) 1.65 0.94-2.91 NS
Dilabetes mellitus 28 27 25 (27) 1.03 0.55-1.93 WS
Hypertension and 15 (18) 9 (10) 1.61 0.67-3.87 NS
diabetes mellitus
History of ischemic 27 (26) 34 (36) 0.63 0.34-1.16 NS
heart disease

* lacunar infarction n=86; atherothrombotic infarction n=75 (see text)
** chi-squared test with Yates correction

Discussion

Lacunar infarction is caused by occlusion of one single perforating artery.”5%7° At
autopsy Fisher found in most cases small vessel vasculopathy, 45730 which he
associated with hypertension.*® However, hypertension is the most important risk
factor for all types of ischemic stroke, %2 and many patients with lacunar infarction
donot have hypertension.®!!8 A problem is that hypertension has not been uniformly
defined in the literature. Many studies used blood-pressure recordings shortly after
stroke, which not always reliably reflect pre-stroke levels.’? However, pre-stroke
measurements are not always available. In those cases, we used blood-pressure
measurements at least one week after stroke, when blood-pressure has levelled off to
pre:stroke values.” Our data agree with those from the Oxfordshire Community
Stroke Project, where no differences in hypertension between patients with lacunar
infarction and carotid artery distribution infarction involving the cortex were
found.'® Obviously, hypertension is an important but rather non-specific and not a
unique risk factor in lacunar infarction. Diabetes mellitus can cause small vessel
arteriolopathy, especially in the retina and kidney, and might therefore be an
important risk factor for lacunar infarction. We, as others,' did not find a difference
in the frequency of diabetes mellitus between both groups. Weisberg reported, in
preliminary data, that the combination of diabetes and hypertension is a major risk
factor for lacunar infarction,** but we could not confirm this.

The aim of our study was to test the hypothesis that lacunar infarction is usually
caused by small vessel disease. Therefore, we expected the frequency of cardiac and
carotid sources of embolism to be lower in patients with lacunar infarcts as compared
to patients with infarcts involving the cortex. Embolism as a possible cause of lacunar



infarction was assumed by Fisher in‘two of his'cases, but an embolic source was not
found.®® Some previous studies reported a potential cardioembolic source in up to
17% of patients with lacunar infarction 8085:151.16438217 S h oyld apotential cardioembolic
source in patients with lacunar infarction be considered as the cause of the infarct, or
just as a coincidental finding? The frequency of the most prevalent potential
cardioembolic source, viz. nonrheumatic atrial fibrillation, did not differ between
patients with lacunarinfarction and hospital control subjects.” In arecent retrospective
study, we found non-rheumathic atrial fibrillation to be approximately five times
more frequent in patients with infarcts involving the cortex than in lacunar stroke
patients, whereas the frequency did not differ between patients with lacunar stroke
and primary intracerebral hemorrhage.'” In our present study, a potential cardiac
source of embolism was approximately three times more frequent in the cortical
infarct group than in the lacunar infarct group. Similar findings were also reported by
others.'3"#*# This indicates that a potential cardioembolic source should generally be
considered as a coincidental finding in patients with lacunar infarction; especially
non-rheumatic atrial fibrillation is likely only a marker of generalized atherosclerosis
in most cases. Considering that possible cardioembolic sources are only coincidental
in patients with lacunar infarction, it is doubtful whether these patients should
undergo extensive cardiac investigations or should be anticoagulated in the presence
of one of these cardioembolic sources.

Could lacunar infarcts be caused by emboli from atherosclerotic carotid artery
disease? Determining the frequency of carotid artery disease in patients with lacunar
infarcts could indirectly offer insight into this problem. Kappelle et al. reviewed 11
retrospective studies in which the overall mean proportion of "operable [CA lesions"
in patients with lacunar infarction was 22%.'"* However, most of these studies were
retrospective and only a few selected patients underwent angiography, whereas
definition of "operable ICA lesions" was uniclear in most studies.$$2:83.51.85.138,169,172,216,217,221
In all prospective studies with angiography or carotid Doppler ultrasonography in
patients with lacunar infarction, a minority of patients had carotid stenosis,®119.163.208
However, most of these studies used selected groups of patients: only patients selected
forangiography because they were found fit for carotid surgery,'" exclusion of lacunar
patients with a potential cardioembolic source,*!*1% or criteria for patient-selection
were not specified.?™ We aimed to study carotid disease in patients with lacunar
infarction in general, and not only in those selected for angiography. Therefore, and
in order not to be biased by using historical controls, we used non-invasive studies
and compared the findings in a well-defined prospective and consecutive series of
patients with lacunar infarction and patients with non-cardioembolic infarction
involving the cortex. The fact that approximately 20% of our patients had not
undergone non-invasive carotid studies unlikely led to a bias, because the number of
patients without non-invasive carotid studies was similar in both groups, as were the
reasons for not performing these tests. Doppler ultrasonography is areliable technique
formeasuring carotid artery lesions.* Small lesions might be missed but an increased
incidence of stroke is particularly reported in severe carotid stenosis.?*'% We found
that significant carotid stenosis was three times more prevalent in patients with
infarction involving the cortex as compared to patients with lacunar infarction.
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These results support the view that carotid embolism is an unlikely cause of lacunar
infarction. About 11% of neurologically asymptomatic patients have asymptomatic
extracranial arterial disease,'® whereas angiography in healthy people sometimes
showed carotid stenosis. 5% Therefore, carotid lesions in patients with lacunarinfarction
most likely are a coincidental marker of generalized atherosclerosis. The finding of 7%
of ourpatients with lacunarinfarction havingasignificant stenosisof the contralateral
cafotid artery is in linie with this view. Therefore, we think that generally these
patients should not undergo angiography and possibly carotid endarterectomy.

Our findings support the hypothesis that pathogenesis underlying lacunar
infarction is different from thatin infarcts involving the cortex. Potential cardiac and
carotid sources of embolism are significantly less frequent in patients with lacunar
infarction than in patients with infarction involving the cortex. Both these sources
of embolism are probably only coincidental in patients with lacunar infarcts,
supporting indirectly the hypothesis that a small vessel disease underlies lacunar
infarctions. Analysis of other risk factors showed no differences between both groups.
What determines whether (mainly) small or (mainly) large vessels, or both, will
become affected in the presence of these risk factors remains unclarified.
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Leuko-araiosis and lacunar infarcts usually
result from small vessel disease







Intreduction

Periventricular diffuse white matter lucencies on €T, so-called 'ﬁfeukﬁ»araimisf‘ have
been described in normal subjects,"'*1731%7 in patients with stroke® or with vascular
risk factors, and in various types of demmtiamm“”»?‘35”%"'”%’»"*”"‘”7’“'*‘7‘3’»”&“‘“Aumpsy
studies related leuko-araiosis to small vessel disease 3240912414017 g gl vessel disease
is also considered as the major cause of lacunar infarction.®* [flacunarinfarction and
leuko-araiosis are both caused by small vessel disease, leuko-araiosis would be more
prevalent in patients with lacunar infarction than in pa’uems Wﬂh infarction
involving the cortex.

The aim of this prospective clinical study was to test this hypothesis by comparing
the frequency of leuko-araiosis between patients with a first-ever lacunar infarction
and those with infarction involving the cortex. Furthermore, we have performed a
risk factor analysis in patients with and without leuko-araiosis.

Patients and methods

The patients were registered between July 1987 and August 1989 in a prospective
registry of all patients with a first-ever supratentorial brain infarct with symptoms
lasting longer than 24 hours.

Lacunar infarction was defined as a case of a lacunar syndrome in which CT
findings were compatible with cerebral infarction due to occlusion of one single
perforating artery,” i.e. a subcortical, small, sharply marginated hypodense lesion
with diameter smaller than 20 mm, or if no specific lesion was visible on CT. We
distinguished four lacunar syndromes: pure motor stroke (PMS), sensorimotor stroke
(SMS), pure sensory stroke (PSS) and ataxic hemiparesis {(AH; including dysarthria-
clumsy hand cases)”’ (see also Appendix).

Infarction involving the cortex was defined as a case of a cortical syndrome, i.e.
a unilateral motor or sensory deficit, or both, in combination with signs of cortical
dysfunction (e.g. aphasia, visual field deficit, visual spatial disturbances, apraxia,
neglector agnosia), in which CT findings or autopsy were compatible with infarction
involving the cortex, or if no specific lesion was visible on CT. Infarcts involving the
cortex were divided into two groups by presumed cause: cardioembolic and
atherothrombotic. Cardicembolic infarction was defined as an infarct involving the
cortex in the presence of one of the following cardiac sources of embolism: atrial
fibrillation (chronic, paroxysmal), recent myocardial infarction (less than 6 weeks),
prosthetic aortic or mitral valve, endocarditis, cardiomyopathy, mitral stenosts, left
ventricular aneurysm, and intraventricular thrombus. Atherothrombotic infarction
was defined as an infarct involving the cortex with no other apparent cause than large
vessel disease, i.e. atherothrombosis or artery-to-artery embolism.

Routine investigation included standard blood and urine tests, electrocardiography,
chestradiography, non-invasive carotid studies, and CT. Non-invasive carotid studies
consisted of multi-gate pulsed Doppler with spectral frequency analysis, Duplex
scanning, or continuous-wave Doppler. Echocardiography, 24 hour-electrocardio-
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Figure 5.1 CT scan of a 69 year old patient
showing leuko-araiosis. Arrows point to the
periventricular hypodensities in the white
matter.

graphic (Holter) monitoring and cerebral angiography were performed in selected
cases.

The following risk factors were recorded: hypertension (known hypertension
treated with anti-hypertensive medication; two or more blood pressure-recordings of
higher than 160/90 mm Hg before stroke or at least one week after stroke), diabetes
mellitus (known diabetes treated with diet and/or medication; fasting serum glucose
higher than 6 mmol/l at least measured on two occasions), and history of ischemic
heart disease (myocardial infarction, angina pectoris). We also determined the
frequency of significant stenosis of the ICA (diameter reduction of more than 50%).

Leuko-aralosis was defined as focal or diffuse hypodensities in the periventricular
or deep white matter, without involving the cortex, and not compatible with
infarction (Fig.5.1). We distinguished three grades of leuko-araiosis with increasing
extensiveness:

Grade 1. Hypodensities around the frontal or occipital horns or both.

Grade 2. Hypodensities around frontal and occipital horns, and in region of cella
media and centrum semiovale.

Grade 3. Extensive hypodensities in nearly the entire white matter.

Axial CT scans were made with a Philips Tomoscan 350 ora Siemens Somatom Plus
with consecutive slices of 9 or 10 mm thickness, parallel to the orbito-meatal line. The
CTscans were independently reviewed by two neurologists. [nterobserver agreement
for the assessment of leuko-araiosis on CT was determined and the results were
analyzed using kappa-statistics.'®

Dichotomous variables were analyzed using odds ratios with 95% CI,76573%8 and
chi-squared test with Yates correction. Two sample t test was used for analysis of
continuous variables (mean age).
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Table 5.1 Distribution of the three grades of leuko-araiosis (LA) mywmg mxtxeﬂm with lacunar
and cortical infarction:.

Cortical infarction

Grade of LA Lacunar Atherothrombotic Cardioembolic Total
infarction inifarction infarction n=54 (%)
n=30 (36} =13 (%) n=11 (%)

Grade 1 16 (54) 9 (69) 7 (64) 32 (58)

Grade 2 103N 4(31) 4 {36) 14 (33)

Grade 3 4(13) 0 (0) 0 4 {9

Results

From 1 July 1987 until 1 August 1989, 103 patients with a lacunar infarct and 144
patients with an infarctinvolving the cortex were registered. Among the patients with
an infarct involving the cortex, SO0 had cardioembolic and 94 atherothrombotic
infarction.

In the patients with lacunar infarction, 3 CT scans could not be reviewed reliably
because of minor quality. In the patients with infarction involving the cortex, 16 CT
scans could not be reviewed because of either minor quality or because CT had not
been performed (7 patients). Therefore, 100 patients with lacunar infarction and 128
patients with infarction involving the cortex (47 with cardioembolic and 81 with
atherothrombotic infarction) entered the study. The two observers agreed in 220 of
234 reviewed CT scans. Interobserver agreement was good, with corresponding kappa
of 0.84.

Of the 228 patients, fifty-four (24%; 95% CI 19-30%) had leuko-araiosis. In the
lacunar infarction group, 30 patients (30%; 95% Cl 21-39%) had leuko-araiosis, and
in the cortical infarction group 24 patients (19%; 95% CI 12-26%). Among the cortical
infarction group, 11 patients (23%; 95% CI 11-35%) with cardioembolic and 13 (16%;
95% CI 8-249%) with atherothrombotic infarction had leuko-araiosis.

Patients with lacunar infarction had significantly more often leuko-araiosis than
patients with infarction involving the cortex (OR 1.82; 95% CI 1.00-3.45; p=0.05).
Leuko-araiosis was significantly more frequent in lacunar infarct patients than in
atherothrombotic infarct patients (OR 2.24; 95% CI 1.08-4.65; p<0.05), whereas
lacunar infarct patients had no more leuko-araiosis than cardioembolic infarct
patients (OR 1.40; 95% CI 0.63-3.13). The frequency of leuko-araiosis did not differ
significantly between cardivembolic and atherothrombotic cortical infarct patients
(OR 1.60; 95% CI 0.65-3.93).

Most patients (60%) had grade 1 leuko-araiosis (Table 5.1}. Grade 3 leuko-araiosis
was only present in the Jacunar infarction group. Risk factor-analysis is shown in
Table 5.2, Overall, patients with leuko-araiosis were significantly older (p<0.001), and
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Table 5.2 Clinical features and frequency of risk factors in patients with and ww’t‘whuu‘t leuko-
araiosis (LA). An OR greater than 1 indicates that the risk factor is more prevalent in the group
with LA.

Clintcal featires/ LA present LA absent OR 95% Cl p*
risk factor n=54 (96} n=174 (%)
Mearn age 74 67 <0.001
Female 32 (58) 75 (43) 1.92 1.03-3.57 <0.05
Hyperterision 26 (48) 77 (44) 1.17 0.64-2.15 NS
Diabetes Mellitus 11 (20) 49 (28) 0.65 0.31-1.36 NS
History of ischemic
heart disease 19 (35) 58 (33) 1.09 0.57-2.07 N5
Significant JCA
stenosis®*:
unilateral 6 (15) 30 (21) 0.66 0.25-1.72 NS§
bilateral 3 (8 7 (5) 1.56 0.38-6.34 NS
uni- or bilateral 9 (23) 37 (26) 0.82 0.35-1.91 NS

*  two sample t test (mean age) or chissquared test with Yates correction
* LA present n=40; LA absent n=142

more were female (59%; OR 1.92; 95% CI 1.03-3.57; p<0.05). There were no
significant differences in frequency of risk factors between patients with and without
leuko-araiosis.

Discussion

The frequency of leuko-araiosis in consecutive CT series of all kinds of patients ranged
from 0.1% to §%,87:124.139.145,170.212] ey1ky-araiosis was found in 2496 (95% CI 19-309%) of
our patients with cerebral infarction, which confirms the prior suggested relationship
of leuko-araiosis with stroke, 11113

Our analysis showed that leuko-araiosis is associated with increasing age and
female sex, whereas the frequency of vascular risk factors did not differ between
patients with and without leuko-araiosis. Other studies also demonstrated that the
frequency of leuko-araiosis increases with age.”%**We have no explanation for the
fact that the leuko-araiosis group contained more females. Although most studies
reported a high frequency of hypertension in patients with leuko-araiosis,?3287,104123,124
we did not find that hyperténsion was associated with leuko-araiosis in stroke
patients. An explanation might be that hypertension as a risk factor for leuko-araiosis
is not detected in a group of patients, like stroke patients, in whom hypertension is
already highly prevalent.

OQur finding that leuko-araiosis was significantly more frequent in patients with
lacunar infarction than in those with infarction involving the cortex, particularly the
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patients suffering from atherothrombotic infarction, supports the hypothesis that
leuko-araiosis like lacunar infarction is mainly caused by small vessel disease. Other
authors also reported an association between leuko-araiosis and small vessel disease
in stroke patients.”™ In previous reports, lacunar infarcts were seen on CT in patients
with leuko-araiosis.?*!:113123 §mall vessel disease was found at autopsy by Fisher in
patients with lacunar infarction.®** Autopsy in patients with leuko-araiosis showed
asmall vessel disease with hyalinization and segmental fibrinoid arterial degeneration
of the small perforating arteries, lacunes, cystic lesions and demyelination.
32,50,79,87,124,140.178 5y a 1] vessel disease probably leads to chronic ischemia in the arterial
border zones between the diseased penetrating arteries and the small cortical vessels,
resulting in demyelination and gliosis of this periventricular white matter, visible as
leuko-araiosis on CT. Fazekas et al. found indeed a reduced white matter blood flow,
measured with a Xenon-133 method, in patients with white matter lesions on MRI.%¢

The frequency of leuko-araiosis in our study did not differ between the patients
with cardioembolic infarction and those with lacunar infarction. An explanation
might be that these patients have chronic hemodynamic disorders caused by the
cardiac disease, leading to hypoperfusion of the periventricular white matter. This last
explanation is supported by the studies of De Reuck et al., who hypothesized that
hypoperfusion of the periventricular arterial border zones can result from
hemodynamic disorders, probably in an already compromised circulation in the
territory of the deep perforating vessels. 3¢

In conclusion, small vessel disease causing lacunar infarction might also lead to
leuko-araiosis. Leuko-araiosis is associated with mental impairment and dementia.'’
More studies on small vessel disease are therefore important because this could
provide the possibility of prevention of multiple lacunar infarcts and dementia.

57






Two clinically distinct lacunar stroke
entities







Introduction

Lacunar infarcts are small infarcts Jocated deeply in the brain; or in the brainstem.
They are caused by small vessel disease occluding a small perforating artery.¢6% At
autopsy, Fisher distinguished two types of small vessel disease: lipohyalinosis, mainly
found in hypertensive patients with small, multiple, and usually asymptomatic
lacunes; and microatheromatous disease, which mainly occurred in cases with larger,
usually single symptomatic lacunes.®#7° Also related to small vessel lipohyalinosis
are periventricular white matter hypodensities visible on CT, so called leuko-araiosis,
which are associated with mental impairment and dementia 3*07987.9L187.212 Becayse
lipohyalinosis is an important cause of both multiple lacunar infarcts and leuko-
araiosis, 32054887 jt would be most important to distinguish this vasculopathy from
microatheromatous disease during life.

We hypothesize that if these two types of small vessel disease also manifest
themselves separately during life, we should be able to recognize two lacunar stroke
entities. We therefore investigated, in a prospective stroke registry using clinical and
CT findings, whether lacunar stroke patients with one or more asymptomatic lacunar
infarcts, and those with only one symptomatic lacunar infarction represent two
distinct lacunar stroke entities, probably reflecting lipohyalinosis and microathero-
matous disease, by comparing the frequency of vascular risk factors and leuko-araiosis
between both these groups. Furthermore, if indeed two lacunar stroke entities can be
distinguished, we determined whether location, involved vascular territory, and
volume differed between the asymptomatic and symptomatic lacunar infarcts.

Patients and methods

The patients were registered between July 1987 and August 1989 in a prospective
registry of all patients with a first-ever supratentorial brain infarct with symptoms
lasting longer than 24 hours. All patients had an axial CT examination, which was
madewith a Philips Tomoscan 350 or a Siemens Somatom Plus with consecutive slices
of 9 or 10 mm thickness, parallel to the orbito-meatal line.

Symptomatic Jacunar infarction was defined as a case of a lacunar syndrome in
which CT findings were compatible with cerebral infarction due to occlusion of one
single perforating artery,’ i.e. a subcortical, small, sharply marginated hypodense
lesion with diameter smaller than 20 mm, or if no specific lesion was visible on CT.

In asymptomatic lacunar infarction, the lacunar infarct was not considered
compatible with the clinical signs and symptoms: that is, either at least one lacunar
infarct in the contralateral (clinical asymptomatic) hemisphere, or at least two
ipsilateral lacunar infarcts, or both.

The following risk factors were recorded: hypertension (known hypertension
treated with anti-hypertensive medication; two or more blood pressure-recordings of
higher than 160/90 mm Hg before stroke or at least one week after stroke), diabetes
mellitus (known treated diabetes; fasting serum glucose higher than 6 mmol/ at least
measured at two occasions), and history of ischemic heart disease (myocardial
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Table 6.1 Clinical features, vascular risk factors, and leuko-araiosis in lacunar infarct
patients with and without asymptomatic lacunar infarcts (AS LACI). An OR greater than 1
indicates that the risk factor is more frequent in the AS LACI group.

Clinical features/ Patienits Patjents OR 95% CI p*
Risk-factor with withiout

AS LACK AS LACE

ne=21 (%) n = 79 (%)
Mean age (yr) 69 67 NS
Men 10 (48) 42 (53) 0.80 0.31- 2.09 NS
Hypertension - 18 (72) 34 (43) 3.31 1.16 - 9.43 <0.08
Diabetes mellitus 6 (29) 21(27) 111 0.38 - 3.24 NS
History of ischemic

heart disease 8 {38) 19 (24) 1.94 0.70 - 5.39 NS

Leuko-aralosis 15 (72) 15 (19) 10.67 3.81-32.10 <0.001

* two sample t test (mean age) or chi-squared test with Yates correction

infarction, angina pectoris).

Thelacunar infarcts were localized by means of an atlas comparing anatomic slices
with standard CT slices.?® We distinguished the following locations: internal capsule
(anterior limb (ICAL), posterior limb (ICPL)), corona radiata (CR), lentiform nucleus
(LN), thalamus (Th), and caudate nucleus (CN).

We distinguished four vascular territories using Damasio's brain templates®*: medial
striate arteries (MSA), lateral striate or lenticulostriate arteries (LSA), anterior choroidal
artery (ACA), and thalamoperforant arteries (TPA).

Infarct volume was estimated according to Nelson et al.**:: the length and width
of the infarct was measured at right angles. The product was multiplied by thickness
and number of affected slices, and divided by two.

Leuko-araiosis was defined as focal or diffuse hypodensities in the periventricular
or deep white matter, without involving the cortex, and not compatible with
infarction.'®

CT scans were reviewed independently by two neurologists. The presence of
lacunar infarcts, and of leuko-araiosis on CT was determined separately in two
sessions. Interobserver agreement for the assessment of leuko-araiosis on CT was
determined and the results were analyzed using kappa-statistics.'® In case of
disagreement on the presence of an infarct or leuko-araiosis, CT was regarded as
negative.

Dichotomous variables were analyzed by means of odds ratios (OR) with 95%
CI, 157188 and chi-squared test with Yates correction. Two sample t test was used for
analysis of continuous variables.
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Table 6.2 Location, involved vascular territory, and volume of the asymptomatic (AS LACD)
and symptomatic (S LACI) lacunar infarcts. For abbreviations, see text. :

Parameter AS LACY S LACI OR 95% CI p*
n=24 (%) n=54 (%)
Location
ICPL 2 (8) 19 (35) 0.17 0.04 = 0.80 <0.08
ICAL/CN 11 (46) 5 (9) 8.29 2.45 -28.11 0,001
LN 2 (8) 6 (11) 0.73 0.17 - 3.07 NS
CR 8 (33) 22 (41} 0.73 027- 200 © NS
Th 1 @ 2 (4 1.13 010-13.10 NS
Vascularisation
MSA 6 (25) 5 3.27 0:88-12.19 N5
LSA 12 (50) 11 (20) 3.91 1.38-11.08 <0.025
ACA 5 (21) 36 (67) 013 0.04 - 0.41 <0001
TPA 1 4) 2 @) 1.13 (.10 -13.10 NS
Volume
mean (ml) 0.20 1.12 <0.001
95% CI 0.12-0.28 0.87 - 1.37
range 0.02 - 0.81 0.07 - 3.69

* two sample t test (mean volume) or chi-squared test with Yates correction

Results

One hundred and three patients with lacunar infarction were registered. We excluded
three patients because CT quality was insufficient. Interobserver agreement for the
assessment of leuko-araiosis on CT was good with corresponding kappa of 0.84.

Twenty-one patients (21%; 95% CI 13-29%) also had one or more asymptomatic
lacunar infarcts, whereas 79 patients had only one symptomatic lacunar infarct.
Mean age and male/female ratio did not differ between the patients with and without
asymptomatic lacunar infarction (Table 6.1). Patients with asymptomatic lacunar
infarction had significantly more often leuko-araiosis and hypertension. Prevalence
of the remaining risk factors did not differ between both groups.

For further analysis of location, involved vascular territory, and volume of the
symptomatic and asymptormatic lacunar infarcts, three patients who had two lacunar
infarcts on the symptomatic side, were excluded because it was not known which of
the two infarcts was the symptomatic one. In 54 of the remaining 97 patients, CT
showed one symptomatic lacunar infarct (43 patients had no symptomatic infarct
visible on CT), and 24 asymptomatic lacunar infarcts in 21 patients. Locations of the
54 symptomatic lacunar infarcts differed from the 24 asymptomatic ones (Table 6.2):
19 (359%) of the symptomatic infarcts were located in the posterior limb of internal
capsule versus 2 (8%) of the asymptomatic infarcts; 11 (46%) of the asymptomatic
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fnifarcts were located in anterior limb of internal capsule and caudate nucleus versus
5 (996) of the symptomatic infarcts. The frequency of the other involved locations did
not differ between both groups. The frequency of the involved vascular territories in
the symptomatic and asymptomatic lacunar infarcts did also differ (Table 6.2): anterior
choroidal artery-territory was involved in almost 70% of the symptomatic infarcts,
whereas the lateral and medial striate arteries were involved in 75% of the asymptomatic
infarcts. Moreover, we found that the symptomaticlacunar infarcts were significantly
larger than the asymptomatic lacunar infarcts (Table 6.2).

Discussion

The findings support our hypothesis that two distinct lacunar stroke entities can be
broadly distinguished during life: lacunar stroke patients with the usual vascular risk
factors and a single, symptomatic lacunar infarct without leuko-araiosis; and patients
with multiple lacunar infarcts, a high frequency of hypertension and leuko-araiosis.
Prior autopsy studies in a limited number of patients showed that leuko-araiosis and
small, multiple, and usually asymptomatic lacunar infarcts were related to small
vessel lipohyalinosis, whereas large, single, and usually symptomatic lacunar infarcts
were caused by microatheromatous disease.’3%%64¢%87 Therefore, our two distinct
lacunar stroke entities likely reflect indeed these two types of cerebral small vessel
disease: patients with multiple lacunar infarcts and leuko-araiosis probably have
lipohyalinosis, and those with a single, symptomatic lacunar infarct without leuko-
aralosis probably have microatheromatousdisease. Our finding that the asymptomatic
lacunar infarcts were significantly smaller and differed from the symptomatic ones
in location and involved wvascular territory, further supports the notion that
asymptomatic and symptomatic lacunar infarcts are caused by two different types of
cerebral small vessel disease.

However, our hypothesis, which is based on clinical and radiological data, has to
be confirmed in autopsy studies, but regarding the low early case fatality rate of
lacunar stroke patients such studies will remain difficult to perform. Fisher found
both types of small vessel disease at autopsy in one patient.® This might also have
been the case in some of our patients because the patients with asymptomatic lacunar
infarcts also had one symptomatic lacunar infarct. Therefore, this group with
presumed lipohyalinosis is probably mixed with some patients with presumed
microatheromatous disease. Not every patient in the asymptomatic lacunar infarct
group had hypertension orleuko-arajosis, which may indicate that some asymptomatic
lacunes may be caused by microatheromatous disease.

Theasymptomatic lacunar infarcts in our study were predominantly located in the
frontal parts of the deep regions. These findings are in accordance with those of Ishii
et al.''® who found in 30 autopsy cases of vascular dementia with a lacunar state,
diffuse softening of the white matter and multiple lacunes which were both found
predominantly in the frontal lobes. This further supports the hypothesis that
especially lipohyalinosis causes diffuse white matter softenings and multiple lacunar
infarcts, with eventual development of subcortical vascular dementia, which may
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ultimately result in an extreme stage in so-called Binswanger's disease. Therefore,
differentiating between the two lacunar stroke entities is important because this
could provide the possibility of recognizing those patients who are at risk to develop
eventually subcortical vascular dementia.

The role of hypertension as major risk factor for Jacunar stroke has been questioned
frequently. In clinical studies many lacunar infarct patients were not hypertensive, %7
whereas the frequency and degree of hypertension did not differ between lacunar
infarct patients and those with infarction involving the cortex.'¥ This could be
explained by the fact that hypertension is a risk factor for all types of stroke, and by
our finding that of all lacunar infarct patients only approximately 20 % will suffer
from presumed lipohyalinosis.Therefore, the higher blood pressure values of the
lipohyalinosis patients are lost in those of the lacunar infarct group as a whole. The
varying frequencies of hypertension between differentlacunar stroke studies could be
due to a varying degree by which patients with either type of small vessel disease have
been included.

In conclusion, we hypothesize that two distinct types of cerebral small vessel
disease can be distinguished during life. Of all lacunar stroke patients, approximately
80% presumably have microatheromatous disease and approximately 20%
lipohyalinosis. Hypertension seems to be the major important risk factor for
lipohyalinosis, diligent treatment of which may substantially reduce the risk of
multiple neurological deficits, mental impairment, and eventual subcortical vascular
dementia.
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Large subcortical infarcts are not lacunar







Introduction

Lacunar infarcts are small infarcts located in the deep parts of the brain, or in the
brainstem.* They usually present with specificlacunar syndromes, and usually result
from small vessel disease occluding one small perforating artery.”#546970.132.133G oy of
cortical dysfunction (e.g. aphasia, visual field deficit, visual spatial disturbances,
apraxia, neglect or agnosia) make a lacunar diagnosis very unlikely.”” [t was shown
that cardiacand carotid embolism are unlikely causes of lacunar infarction, supporting
the hypothesis that lacunar infarctsare usually caused by small vessel disease (see also
Chapter 4) 119,137,163

In his studies on lacunar mfarctmn, Fisher described so-called "giant" or "super"
lacunes, "putamino-capsulo-caudate infarcts", or "capsular infarcts",*%% also called
"striatocapsular infarcts" by others.' Some other studies on lacunar syndromes
contained also such giant lacunes or putammo_capsu]lar-caudate infarcts."22'% The
terminology has led to confusion; terms like "giant" or "super" lacunes suggest that
these large subcortical infarcts have similar clinical presentation and pathogenesis as
lacunar infarcts. However, in studies on large subcortical infarcts, most patients had
signs of cortical dysfunction, potential cardioembolic source, significant carotid or
middle cerebral artery stenosis or occlusion, features that argue against small vessel
disease as the usual cause of these infarcts.!1¢13418%.215 Pathogenesis of these large
subcortical infarcts could be clarified by comparing them with the other two
pathophysiologically defined distinct cerebral infarct subgroups, lacunar and cortical
infarcts. Insofar these large subcortical infarcts were studied, clinical presentation and
presumed pathology were not compared with that of lacunar or cortical infarct
patients, 16134189215 whereas these reports were small,' or selected patients on the
absence of known risk factors for a thrombotic disease,'® or used selection criteria that
were not clearly defined.?'$

The aim of this study was to establish whether large subcortical infarcts resemble
lacunar infarcts or infarcts involving the cortex, by comparing risk factor profile,
frequency of potential cardiac sources of embolism and carotid occlusive disease,
between patients with large subcortical infarcts and those with either lacunar
infarction or infarction involving the cortex in a well-defined prospective series of
patients with a first-ever brain infarct.

Patients and methods

The patients were registered between July 1987 and August 1989 in a prospective
registry of all patients with a first-ever supratentorial brain infarct with symptoms
lasting longer than 24 hours.

Lacunar infarction was defined as a case of a lacunar syndrome in which CT
findings were compatible with cerebral infarction due to occlusion of one single
perforating artery,” i.e. a subcortical, small, sharply marginated hypodense lesion
with diameter smaller than 20 mm, or if no specific lesion was visible on CT. All
patients had a CT examination. We distinguished four lacunar syndromes: pure
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Figure 7.1a and 7.1b CT scan (two slices) showing a large subcortical infarct in the right
hemisphere (arrow). There is slight compression of the lateral ventricle due to edema.

motor stroke (PMS), sensorimotor stroke (SMS), pure sensory stroke (PSS) and ataxic
hemiparesis (AH; including dysarthria-clumsy hand cases)”’ (see also Appendix).

Infarction involving the cortex was defined as a case of a cortical syndrome, i.e.
a unilateral motor or sensory deficit, or both, in combination with signs of cortical
dysfunction (e.g. aphasia, visual field deficit, visual spatial disturbances, apraxia,
neglect or agnosia), in which CT findings or autopsy were compatible with infarction
involving the cortex, or if no specific lesion was visible on CT. Seven patients (5%)
had neither CT nor autopsy.

Large subcortical infarcts were defined as large infarcts (maximum diameter at
least 20 mm) on CT, not involving the cortex and not compatible with occlusion of
one single perforating artery. All patients had CT.

The infarcts were localized using an atlas which compared anatomic slices with
standard CT slices.'®® The involved vascular territory was assessed using Damasio's
brain templates,*® and the studies of Takahashi.** %2 Axial CT scans were made with
a Philips Tomoscan 350 or a Siemens Somatom Plus with consecutive slices of 9 or 10
mm thickness, parallel to the orbito-meatal line.

The following risk factors were recorded: hypertension (known hypertension
treated with anti-hypertensive medication; two or more blood pressure-recordings
higher than 160/90 mm Hg before stroke or at least one week after stroke), diabetes
mellitus (known diabetes treated with diet and/or medication; fasting serum glucose
greater than 6 mmol/] at least measured on two occasions), and history of ischemic
heart disease (myocardial infarction, angina pectoris). Presence of one of the following
cardiac sources of embolism was determined: atrial fibrillation (chronic, paroxysmal),
recent myocardial infarction (less than 6 weeks), prosthetic aortic or mitral valve,
endocarditis, cardiomyopathy, mitral stenosis, left ventricular aneurysm, and
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Figure 7. 2a and 7.2b CT scan (two slices) showing a large subcortical infarct in the right
hemisphere (arrow,).

intraventricular thrombus. Significant carotid stenosis was assessed using non-
invasive carotid studies (86% of patients had either multi-gate pulsed Doppler or
Duplex scanning, and 14% continuous-wave Doppler), or angiography,

Handicap was measured using the modified Rankin scale.7!2% Patients with
Rankin grade 0,1 and 2 were considered independent; grade 3,4 and 5 were considered
dependent. Hemiparesis was graded according to the MRC scale. " Hemiparesis grade
4 was called mild; grade O to 3 was called severe.

We compared the frequency of vascular risk factors, potential cardicembolic
sources, and the frequency of significant stenosis of the ICA (diameter reduction of
more than 50%]} as a potential embolic source, between patients with large subcortical
infarction, and those with lacunar infarction, or those with infarction involving the
cortex.

Differences between the two groups were analyzed using odds ratios with 95%
CI, 78157188 and chi-squared test with Yates correction.

Results

From 1 July 1987 until 1 August 1989, 252 patients with a first-ever supratentorial
brain infarct were registered. Fifteen patients (6%; 95% CI 3-9%) had a large
subcortical infarct, 103 patients (41%; 95% CI 35-479%) had a lacunar infarct, and 129
patients (51%;95% CI 45-57%) had an infarct involving the cortex. In the subcortical
infarct group there were 10 males (67%) and 5 fernales, with a mean age of 69.2 (SD
8.5) years; in the lacunar infarction group there were 57 males (55.3%) and 46 females
with a mean age of 67.2 (SD 10.3) years, whereas the cortical infarct group contained
68 males (53%) and 61 females with a mean age of 71 (SD 12.7) years.
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Table 7.1 Clinical features of the 15 patients with a large subcortical infarct (percentage
between brackets). : '

Clinical feature Mumber of patients
Sex e : g
male e 10 61
fermale s : ] (3%)
Mean age (years) S 692 . (SDES)
Consclousness : ;
normal ) ' : 1‘1 (73)
slightly depressed (tranéient) 4 (27
Lacuriar syndrome - 3 (20; 2-:5MS, 1 PMS)
Cortical dysfunction 12 {80
dysphasia 7 (48)
visual field deficit 7 (47)
confiralateral neglect 4 (27
Hemiparesis 14 (93)
mild 4 (27}
severe 10 (67)
Hemisensory deficits 10 (67)
Handicap on admission
ADL-independent 1 (7
ADL-dependent 14 (93)

Angiography was performed in 1 patient of the large subcortical infarction group,
in 9 patients of the cortical infarction group, and in 17 patients of the lacunar
infarction group. Non-invasive carotid studies were not performed in 17% of patients
with lacunar infarction, and in 34% of patients with cortical infarction, because they
were too ill to cooperate adequately.

The subcortical infarcts had characteristic size and shape on CT, which distinguished
them easily from lacunar infarcts (Figs. 7.1 and 7.2). The infarct was visible on at least
two CT slices. They were typically comma-shaped or lens-shaped, and involved
usually the head of the caudate nucleus, the anterior limb of the internal capsule, the
lentiform nucleus and coronaradiata. In 10 patients, the posterior limb of the internal
capsule was also involved. CT showed also compression of the lateral ventricle due to
edema in 5 patients (Fig.7.1). The infarcts were located in the territory of the
lenticulostriate (lateral striate) arteries. Medial striate arteries including recurrent
artery of Heubner or anterior choroidal artery were also involved in 6 and 7 patients,
respectively.

Table 7.1 shows the clinical features of the 15 patients with a subcortical infarct;
3 patients (20%) presented with a lacunar syndrome (2 SMS and 1 PMS). The other
12 patients had signs of cortical dysfunction: 7 patients had dysphasia, 7 had visual
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Table 7.2 Frequency of vascular risk factors, significant carotid stenosis, aud potential
cardioermbolic sources in large subcortical and lacunar infarcts. An OR greater than 1
indicates that the risk factor is more frequent in large subcortical infarction.

Risk factor Large Lacuriar OR 95% CI p*
subcortical infarction
infarction =103 (36)
n=15 (%)
Hypertension 8 (53) 51 (50 1.17 0.40- 3.44 NS
Diabetes mellitus 2(13) 28 (27) 0.41 0.09- 1.93 NS
History of ischemic 8 (53) 27 (26) 3.22 1.07-9.65 <008
heart disease
Significant ICA 4 (27) 11(13) 2.48 0.67-9.22 NS
stenosis™
Cardiac source of 7 {47} 15 (15) 5.13 1.61-16.31 <0.01

embolism

* chi-squared test with Yates correction

“* lacunar infarction n=86

Table 7.3 Frequency of vascular risk factors, significant carotid stenosis, and potential
cardioembolic sources in large subcortical infarction and infarction involving the cortex.

Risk factor Large Infarction OR 95% Cl p*
subcortical involving
infarction the cortex
n=15 (%) n=129 (%)
Hypertension 8{53) 49 (38) 1.87 0.64-5.50 NS
Diabetes mellitus 2{13) 38 (29) 0.37 0.08-1.71 NS
History of ischemic 8 (53) 48 (37) 1.93 0.66-5.67 NS
heart disease
Significant ICA 427 26 (31) 0.83 0.24-2.85 NS
stenosis*™
Cardiac source of 7 {47} 43 (33) 1.75 0.60-5.14 NS

embolism

* chi-squared test with Yates correction

** infarction involving the cortex n=85
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field deficit and 4 patients exhibited contralateral neglect. Ten patients had severe
hemiparesis, and were ADL-dependent, and only 1 patient was ADL-independent on
admission. Ten patients had hemisensory deficits. Transient, slightly depressed
consciousness was found in 4 patients.

Ahistory of ischemic heart disease was more frequent in the subcortical infarction
group (Table 7.2). Prevalence of the other two vascular risk factors did not differ
between patients with subcortical and lacunar infarction. Significant carotid stenosis
was twice more frequentin the patients with subcortical infarction, but the difference
was not statistically significant. Almost half of the patients with a subcortical infarct
had a potential cardioembolic source, which was significantly higher than in the
patients with a lacunar infarct. Vascular risk factors, significant carotid stenosis, and
potential cardioembolic sources did not differ between patients with subcortical and
cortical infarction (Table 7.3).

Discussion

Of all our registered patients with a first-ever supratentorial brain infarct, 6% (95% CI
3-9%) had a large subcortical infarct. This is more frequent than in the two other
prospective series, where 1% of all registered stroke patients had such infarcts.'s!34
However, in these studies besides all patients with stroke, those with TIA" were also
registered.

Patients with lacunar infarctiori have no signs of cortical dysfunction, although
rarely they may have dysphasia or neglect.’70232% Eighty percent of our patients
with large subcortical infarction had dysphasia, visual field deficit and/or contralateral
neglect. Other authors also described dysphasia'e42,13860165389.215 and neglect
16,:56,96.134,189,196215 iy guch patients. Rarely, these patients present with dystonia® or
ballism.'*¢ Signs of cortical dysfunction (dysphasia, neglect, visual field deficit) can be
caused by interruption of the subcortical arcuate fibers, or by dysfunction of the
cerebral cortex itself caused by low regional cerebral blood flow areas in the cortex
overlying the deep lesions, being sufficient for tissue viability, but insufficient for
normal tissue function. ' Most of our patients had severe neurological deficit; only
one (7%) was ADL-independent on admission, compared with 31% of lacunar
infarction patients, and 16% of cortical infarction patients (Chapter 2}, Obviously,
clinical features and the degree of initial neurological deficit in patients with
subcortical infarction differ from those found in patients with lacunar infarction, but
resemble those in patients with infarction involving the cortex.

Do large subcortical infarcts resemble lacunar infarcts with regard to pathogene-
sis? Like others,"* we found that the large subcortical infarcts were located in the
territory of the lenticulostriate arteries, but in some of our patients medial striate
arteries including the recurrent artery of Heubner, or the anterior choroidal artery, or
both, were also involved. However, the fact that the infarcts were confined to the
territory of the small penetrating arteries does in itself not prove that they resulted
primarily from small vessel disease. It is highly unlikely that several separate
penetrators occlude at the same time. It is therefore more likely that the subcortical
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infarct results from occlusion of a large, commeon feeding artery due to local
atherothrombosis, or cardiac or carotid embolism. Large subcortical infarcts have
been described in angiographically proven occlusion orsevere stenosis of the middle
cerebral artery'*%75 or internal carotid artery.'®'*13 We found severe occlusive carotid
disease to be twice more frequent in subcortical infarcts than in lacunar infarcts. Due
to the small number of patients in the subcortical infarct group, the difference did not
reach the level of statistical significance. Cardiac embolisin may cause subcortical
infarction by occluding the middle cerebral or internal carotid artery **1% Most of our
patients with large subcortical infarction had a potential cardiac or large vessel
embolic source. One patient with atrial fibrillation developed subcortical infarction
a few hours following cardiac conversion, Thus, large subcortical infarction results
from interruption of blood flow to the area supplied by the deep penetrators due to
local occlusive disease, or embolism obstructing the common feeding artery at the
orifices of several small perforating arteries (lenticulostriate, anterior choroidal and/
or medial striate arteries),* whereas the cortical territories are spared by collateral
circulation, which is absent in the deep territories. Obviously, the pathogenesis of
subcortical infarction differs from that of lacunar infarction, whereas it resembles that
of infarcts involving the cortex. Therefore, therapy in patients with large subcortical
infarction should be similar to that in patients with infarcts involving the cortex:
depending on the type of cardioembolic source if present, they should be considered
for anticoagulation, and they should also be included in the ongoing trials on the
value of carotid surgery.

The terminology of these infarcts in the literature is confusing. We object to terms
like "capsular”, "striatocapsular’, or "putamino-capsulo-caudate” infarcts, because the
infarcts are not always confined to these structures, but often extend into the corona
radiata. Terms like "giant lacune", and "super lacune" incorrectly suggest small vessel
disease as usual underlying vascular cause as it isin lacunar infarcts. However, our data
and those from others indicate the opposite: subcortical infarcts are usually caused by
cardioembolism or large vessel disease. Moreover, their presenting signs and symptoms
resemble that of infarcts involving the cortex rather than lacunar infarcts. Therefore,
we suggest these lesions to be called "large subcortical infarcts”.
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The course of corticospinal,
thalamocortical, and cerebellar
pathways in man inferred from lacunar
infarct patients







Introduction

Lacunar infarcts are small infarcts located deeply in the brain. Many case reports and
some larger studies®®110161169472216207 haye described CT findings in patients with
lacunar infarcts, but most of these studies did not relate clinical symptoms to infarct
localization. Lacunar infarcts could be considered as "experiments of nature": small
lesions confined to certain structures in the brain presenting with well defined
clinical syndromes, enabling to study functional anatomy of central motor, sensory,
and cerebellar pathways in living humans. Correlating the location of the small
infarct with the clinical syndrome can yield important information about the precise
course of these different pathways.

The aim of our study is, therefore, to report on the detailed CT findings in a large
well-defined prospective series of patients presenting with lacunar infarction, allowing
determination of the precise course of the corticospinal, thalamocortical and cerébellar-
cortical or corticocerebellar pathways at the level of internal capsule and corona
radiata, by correlating the infarct localization with the clinical symptoms.

Patients and methods

The patients were registered between July 1987 and August 1989 in a prospective
registry of all patients with a first-ever supratentorial brain infarct with symptoms
lasting longer than 24 hours.

Lacunar infarction was defined as a case of a lacunar syndrome in which CT
findings were compatible with cerebral infarction due to occlusion of one single
perforating artery,” i.e. a subcortical, small, sharply marginated hypodense lesion
with diameter smaller than 20 mum, or if no specific lesion was visible on CT. All
patients had CT examination. We distinguished four lacunar syndromes: pure motor
stroke (PMS), sensorimotor stroke (SMS), pure sensory stroke (PSS) and ataxic
hemiparesis (AH; including dysarthria-clumsy hand cases)’ {see also Appendix).

Distribution of motor deficit (faciobrachial, brachiocrural or faciobrachiocrural)
and presence of dysarthria (not attributable to eventual facial paresis) were recorded
in patients with PMS and SMS.

The lacunar infarcts were localized using an atlas comparing anatomic slices with
standard CT slices.”® Wedistinguished the followinglocations (Fig.8. 1): internal capsule
{genu, anterior limb (ICAL), posterior limb (ICPL)), corona radiata (CR), lentiform
nucleus (LN), thalamus (Th), and caudate nucleus (CN). The posterior limb of the
internal capsule was divided into three parts (anterior part (ICPL-AP), medial part
{ICPL-MP) and posterior part ({CPL-PP)). Corona radiata was divided into an anterior
(CRA) and posterior (CRP) part. Overlap between locations was also noted.

The involved vascular territory was assessed using Damasio's brain templates.” For
terminology, we also used the studies of Takahashi. 2 We distinguished four vascular
territories:

I. Medial striate arteries (MSA) with recurrent artery of Heubner from anterior
cerebral artery.
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Table 8.1 CT findings in the 50 patients with a lacunar syndrome and a compatible lacunar
infarct (percentage between brackets).

PMS SMS AH PSS
Nurnber of infarcts 18 (36} 18 (36} 13 (26) 1 (2}
Mear volume (inl) 1.32 0.93 0.91 0.09*
{9556 CI) 0.84-1.80 0.56-1.30 0.48-1.38 -

Rarige of volumes 0.07-3.69 0.07-2.92 0.28-2.45 -

* volume of one infarct

I1. Lateral striate or lenticulostriate arteries (LSA) from middle cerebral artery.

L. Ariterior choroidal artery (ACA) and additional small branches from internal
carotid artery.

1V. Thalamotuberal, thalamoperforate, thalamogeniculate and posterior choroidal
arteries (TPA) from posterior cerebral artery.

Infarct volume was estimated according to Nelson ef al.®": the lenght and width of

the infarct was measured at right angles. The product was multiplied by thickness and

number of affected slices, and divided by two.

CT scans were independently reviewed by two neurologists without knowledge of
the clinical syndrome. In case of disagreement on the presence of an infarct, CT was
regarded as negative. Axial CT scans were made with a Philips Tomoscan 350 or a
Slemens Somatom Plus with consecutive slices of 9 or 10 mm thickness, parallel to the
orbito-meatal line.

Results

From 1 July 1987 until 1 August 1989, 98 patients with lacunar infarction were
registered. There were 55 men (56%) and 43 women with a mean ageof 67.2(SD 10.3)
years, Fifty-seven patients had compatible lacunar infarction on CT (58%; 95% CI 48-
68%). Two positive CT scans could not be analyzed in detail because of insufficient
quality. Three patients, who had two lacunar infarcts on the symptomatic side, were
excluded from further analysis because it was not known which of the two infarcts
was the symptomatic one. For further analysis of supratentorial location andinvolved
vascular territory, two patients with lacunar infarction in the pons were excluded,
Therefore, 50 patients with a compatible lacunar infarct on CT entered the study.
Fouirteen patients had an asymptomatic lacunar infarctin the contralateral hemisphere.
Table 8.1 shows the CT findings of these 50 patients. Infarct volume did not differ
between the different lacunar syndromes. Volumes ranged from 0.07 to 3.69 ml. All
infarcts but one were smaller than 3 ml. The 50 infarcts were located as follows (Table
8.2; Fig. 8.1): internal capsule: 21 (42%), corona radiata: 22 (4496), lentiform nucleus:
4 (89%), thalamus: 2 (4%), and caudate nucleus: 1 (2%). The involved vascular
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Table 8.2 Locations of the infarcts in the patients with a lacunar syndromeand a compuatible
lacunar infarct. See text for abbreviations.

Location PMS SMS AH Pss Total
ICAL - - - -
ICAL-CN 2 1 - 3
ICPL 3 3 2 8
ICPL-Th - 2 1 3
ICPL-LN - 1 1 2
ICPL-CR 3 1 1 5
CRA - 3 1 4
CRP 6 6 3 15
CR-LM 3 - 3
CN 1 - - 1
LN - 1 3 4
Th - - 1 1 2

ICA

CRA
30 10
CRP

Figure 8.1 Locations of the infarcts in the patients with a lacunar syndrome and a
symptomatic lacunar infarct. The upper part of the figure reflects the level of the internal
capsule and the lower part of the figure the level of the corona radiata. The number of patients
is given at every location. See text for abbreviations.

territories were (Table 8.3): anterior choroidal artery-territory: 34 (68%), lenticulostriate-
territory: 10 (209), and the other territories: 6 (12%). The frequency in which
different vascular territories were involved did not differ between PMS, SMS and AH.
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Table 8.3 The involved vascular territories in the 50 patients with a lacunar syvidrome and
a compatible lacunar infarct. See text for abbreviations.

Vascular PMS S5 AH pPss Total
territory

M54 3 - - 4
184 3 4 3 - 10
ACA 12 13 9 - 34
TPA B 1 1 2

Table 8.4 Correlation between infarct localization and type of motor deficit and dysarthria
in patients with PMS and SMS. See text for abbreviations.

Localization Faciobrachio- Faciobrachial Brachiocrural Dysarthria
crural deficit deficit deficit
ICAL 1 0 2 1
CN - 1 - 1
1CPL-AP 2 1 - 2
ICPL-MP 2 - 2 1
ICPL-PP 5 - 1 1
CRA 4 - 2
CRP 8 1 5 2
LN 0 1 -

Tuble 8.4 shows the correlation between infarct localization, and type of motor deficit
and dysarthria. There were no clear correlations.

PMS (Fig.8.1, Table 8.2)

Six lacunar infarcts causing PMS were located throughout the posterior limb of the
internal capsule. The three infarcts in the anterior part of posterior limb extended into
the corona radiata. Two infarcts were located in the anterior limb, extending into the
caudate nucleus. One infarct was confined to the caudate nucleus. Nine infarcts were
situated in the corona radiata (three continuing into the lentiform nucleus), eight of
which were located in the posterior part.

SMS (Fig. 8.1, Table 8.2)

Seven infarcts were located in the posterior imb of the internal capsule, one
continuing in the corona radiata. All these seven infarcts were located in the posterior
two thirds of the posterior limb. There was some thalamic involvement in two of
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them (thalamocapsular infarct). One infarct was located in the anterior limb of the
internal capsule, extending into the caudate nucleus. Nine infarcts were situated in
the coronaradiata; six of these were located inthe posteriorpart of the corona radiata.
One infarct was confined to the lentiform nucleus:

AH (Fig. 8.1, Table 8.2)

Five infarcts were located in the posterior limb of the internal capsule; in three of
these, either the thalamus, lentiform nucleus or corona radiata was also involved.
Four infarcts were situated in the corona radiata, three of which in the posterior part.
One infarct was located in the thalamus and three in the lentiform nucleus.

PSS (Fig. 8.1, Table 8.2)
One patient had thalamic infarction.

Discussion

One might expect that patients with SMS have a higher positive CT rate and a larger
volume of the infarcts than patients with PMS, because neurological signs are more
extensive in patients with SMS. However, there was no difference in the frequency of
positive CT amongst our patients with PM3 and SMS, nor were there significant
differences in infarct-volume between the different lacunar syndromes. Others did
not find a correlation between the lacunar syndromes and detection rate on CT or
volume of the infarcts either,.2

Most infarcts (68%) were located in the territory of the anterior choroidal artery.
Two previous studies, also using Damasio's brain templates, reported involvement of
the anterior choroidal artery territory in a minority (23%) of the patients with lacunar
infarcts.813¢ Patients with anterior choroidal artery infarction are reported to present
with hemiparesis, hemisensory loss and often visual field deficit.3**”**We found that
they can present with PMS, 8MS or AH.

PMS
PMS, the syndrome of unilateral pure motor deficit, can be caused by lacunar
infarction anywhere along the corticospinal pathway from the cerebral cortex to the
medullary pyramid.® The syndrome is usually caused by lacunes in internal cap-
sule, SBE0L6LITL2AGRT corona radiata®™ b2 gr pons,® but lacunes in lentiform
nucleus,*"*'7cerebral peduncle!® and medullary pyramid®13%'"7 have been described.
Nine of our patients with PMS had an infarct in the corona radiata, eight of which
were located in the posterior part close to the centre. This means that the corticospinal
pathway runs in the posterior part close to the centre of the corona radiata. This
clinical finding concurs with a post-mortem dissection study.'®

It was demonstrated that the corticospinal tract runs through the posterior half of
the posterior limbof the internal capsule.}426375493183.19 We found seven infarcts located
in the posterior limb of the internal capsule. However, the lesions were not only
situated in the posterior part of the posterior limb: three infarcts were located in the
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anterior part of the posterior limb, rostral at the junction of corona radiata and
internal capsule. Obviously, the corticospinal pathway has an oblique course in the
internal capsule: it runs from the sensorimotor cortex, via the posterior part of the
corona radiata, to the anterior half of the posterior limb and then progressively shifts
into the posterior half of the posterior limb in the more caudal part of the internal
capsule. This clinical finding is in agreement with the post-mortem findings of
‘Ross.®

Fibersin the corticospinal tract are said to show somatotopical arrangement in the
posterior limb of the internal capsule which, however, is not sharp.?*"*4! Fibers to the
motor cells of the face and arm lie more anteriorly, while those supplying the trunk
and leg lie more posteriorly in the capsule. However, it is not possible to demonstrate
somatotopical arrangement in clinical studies due to the oblique course of the
corticospirial pathway in the internal capsule.

Two patients with PMS had lacunar infarction in the anterior limb of the internal
capsule, extending into the caudate nucleus. One patient had an infarct confined to
the caudate nucleus. These anterior capsulo-caudate or caudate infarcts were also
found by others in patients with PMS 52172201 Eisher reported three patients with PMS
in whom autopsy revealed lacunes in genu or anterior limb.*” Weakness of the right
arrn with sudden loss of speech after infarction of the head of putamen and caudate
nucleus and anterior half of the anterior limb of the internal capsule, was described
by Critchley.*! The infarct was caused by occlusion of Heubner's artery. Caplan et al.*
reported on 18 patients with caudate nucleus infarcts, extending into the anterior
limb in 9 patiénts. Motor dysfunction was present in 13 of 18 patients. How can these
infarcts cause motor dysfunction? The anterior limb of the internal capsule contains
thie frontal corticopontine (frontopentine) tract, the corticostriatal projection, and
the anterior thalamic radiation.?®*" The anterior thalamic radiation is not involved in
motor control.?% The fibers of the corticopontine tract arise from the frontal,
temporal, parietal and occipital regions of the cerebral cortex and terminate in the
ipsilateral pons.®** From here fibers go mainly to the contralateral cerebellum. The
corticopontine tract has an important function in motor control.? It was shown in
the monkey that all major cortical areas project upon the caudate nucleus and
putamen by the corticostriatal projection,® relating the sensorimotor cortex to the
head of the caudate nucleus and putamen. Caudate nucleus and putamen project to
the substantia nigra (striato-nigral fibers) and to globus pallidus. Globus pallidus
sends fibers to substantia nigra (pallidonigral projection), which influences the
sensorimotor cortex via two pathways: the nigrothalamic projection to the ventrolateral
thalamus, and the nigrostriatal projection via striatum and globus pallidus to the
ventroanterior thalamus. The ventrolateral and ventroanterior thalamus project to
the sensorimotor cortex by way of the superior thalamic radiation, that runs in the
posterior limb of internal capsule. This circuit is supposed to be involved in motor
control. Therefore, paresis in our patients with anterior capsulo-caudate or caudate
infarction could be caused by interruption of the frontopontine tract, the corticostriatal
projection, or both. Another possibility is that these infarcts were asymptomatic
while the symptomatic infarcts were too small to be visible on CT. This last
explanation seems unlikely because these infarcts were also reported by others, 3652172201
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and found by Fisher at autopsy.®

SMS

$MS, the syndrome of unilateral motor and objective sensory loss,”"° can be caused
by lacunarinfarction interrupting corticospinal together with sensory thalamocortical
pathways. In our study, SMS occurred with lacunar infarction in the anterior or
posterior limb of internal capsule, thalamocapsular region, corona radiata and
lentiform nucleus. Previous reports on SMS$ described lacunes in anterior and
posterior limb of the internal capsule,''® corona radiata,''® thalamus (ventral posterior
nucleus with capsular pallor),’® thalamocapsular region,''®!?¢ lentiform nucleus
extending up to the corona radiata,* and in the caudatoputaminal-capsular region.?'’
Nine of our patients with SMS had an infarct in the corona radiata, of which three
were located in the anterior part and six in the posterior part, all close to the centre.
This means that the sensory thalamocortical pathway is located around the centre of
the corona radiata, close to the corticospinal pathway.

The sensory part of the thalamocortical pathway is supposed to run in the
posterior limb of the internal capsule but the precise localization is not clear.2s
Groothuis et al. suggested, from one case of a small capsular hemorrhage causing a
PSS, that the thalamocortical pathway runs posteriorly in the posterior limb adjacent
to the thalamus.®® We found that seven patients had an infarct in the posterior limb
of the internal capsule. All these infarcts were situated in the posterior part of the
posterior limb; in two patients the infarct extended into the thalamus (thalamocapsular
infarct). Our findings indicate that the thalamocortical pathway is indeed located in
the posterior part of the posterior limb of the internal capsule. In the patients with
thalamocapsular infarction, the thalamocortical pathway could also have been
interrupted at the ventral posterolateral nucleus. The occurrence of sensory loss after
infarction of the anterior limb of the internal capsule in one patient is hard to
understand. The anterior limb contains the anterior thalamic radiation, connecting
the frontal lobe with the medial and anterior thalamic nuclei.’” These nuclei are
supposed to be involved mainly in the limbic system and not in the sensory system,
but, according to our finding (one patient), the anterior thalamic radiation, although
unlikely, might contain sensory fibers. Local edema compressing the thalamocortical
pathway in the posterior limb is possible but unlikely. Another possibility is that the
infarct was asymptomatic, and that the symptomatic one was small and not visible
on CT. In the series of Huang et ul., one patient had SMS after anterior limb infarction
but a neuro-anatomical explanation was not given.!'* The infarct in the lentiform
nucleus was located adjacent to the posterior limb of the internal capsule. Probably,
local edema compressed the corticospinal and thalamocortical pathways in the
posterior limb in this case.

AH

AH consists of hemiparesis and so-called "cerebellar-like” ataxia on the same side of

the body.”*%63¢8 It includes also dysarthria-clumsy hand syndrome cases.””® AH may

be caused by lacunar infarction in the contralateral posterior limb of the internal

Capsu]e the pOnS or in th.e corona radiata 28,45,47,52,68,99,100,108,112,114,116,117,127,161,167,187,195,217
, a T .
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Hemiparesis is due to interruption of the corticospinal pathway. Some mechanisms
may be responsible for the cerebellar-like ataxia: interruption of cerebellarcortical
{dentato({rubrojthalamocorticaly or corticocerebellar (corticopontocerebellar)
pathways, or impaired proprioception. Impaired proprioception is unlikely because
only two of our patients had impaired proprioception on clinical testing; furthermore,
only 2 of 16 patients with AH had a disturbed somatosensory evoked potential
{unpublished data). It is most likely that the ataxia was caused by suprateritorial
interruption of cerebellarcortical or corticocerebellar pathways. This is supported by
cerebral blood flow studies showing functional hypometabolism of the contralateral
cerebellar hemisphere in supratentorial infarcts, the so-called crossed cerebellar
diaschisis.”®¢ This phenomenon is ascribed to interruption of corticocerebellar
pathway, leading to alossof excitatory inputin the contralateral cerebellar hemisphere.

Orie of our patients had AH following lacunar infarction strictly confined to the
ventrolateral part of the thalarmius, involving the ventrolateral nucleus. This patient
is reported in detail in Chapter 9. Cerebellar ataxia in this patient could have been
caused only by interruption of the dentato(rubro)thalamocortical fibers at the level
of the injured ventrolateral nucleus. Hemiparesis was probably caused by initial local
edema compressing the adjacent corticospinal tract in the posterior limb of the
internal capsule. However, itis clinically not possible to determine whether cerebellar
symptomatology is caused by interruption of cerebellarcortical or corticocerebellar
pathways, or both.

Our study showed lacunes in posterior limb of internal capsule, thalamocapsular
region, corona radiata, lentiform nucleus and thalamus. Four patients with AH had
lacunar infarction in the corona radiata, close to the centre. This means that the
cerebellar pathways are localized around the centre of the corona radiata. The exact
locations of these cerebellar pathways in the posterior limb of the internal capsule are
not known.?®* An infarct in the posterior limb of the internal capsule was shown in
four patients and one patient had a thalamocapsular infarct. The infarcts were located
in the posterior part of the posterior limb. According to these findings, the cerebellar
pathways are located i the posterior part of the posterior limb. The thalamocapsular
infarct probably injured the dentato(rubro)thalamocortical fibers at the level of the
ventrolateral thalamic nucleus. Three infarcts were located in the lentiform nucleus,
rather close to the posterior limb of the internal capsule. An explanation for AH
following these infarcts is initial local edema compressing the adjacent corticospinal
and cerebellar pathways in the posterior limb of the internal capsule. Neurological
signs resolved in a few days in these three patients, which supports this assumption.

Pss

One patient with PSS had lacunar infarction of the thalamus. PS$ consists of a
unilateral sensory deficit.”* Originally, Fisher found lacunes in the posteroventral
thalamus at autopsy.*” Usually, CT shows no lacunar infarction in patients with PSS,
because the infarcts are probably too small to be visualized by CT,” but lacunes on
CT or MRI have been shown in thalamus, 31317618 i thalamocapsular region®’ and
in the pons.'™ Thalamic infarction in our patient caused a PSS by interrupting the
sensory pathway at the level of the nucleus ventralis posterolateralis.
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Ataxic hemiparesis following thalamic
infarction







Introduction

Ataxic hemiparesis (AH), first described by Fisher and Cole® in 1965, consists of
hemiparesis and cerebellar ataxia on the same side of the body.* AH is usually caused
by lacunar infarction in the contralateral posterior limb of the internal capsule, in the
pons, or in the corona radiata,*%1%¥ but may also be caused by a hemorrhage ora
urmor. 13100156 ‘ .

We report a case of ataxic hemiparesis in which CT and MRI showed an infarct in
the contralateral ventrolateral nucleus of the thalamus.

Case report

A 73-year-old man suddenly developed dysarthria and weakness of right arm andleg
with unsteadiness of gait. There was no history of hypertension, diabetes, cardiac
disease or peripheral vascular disease. On examination the next day, he had a regular
pulse of 76/min. Blood pressure was 150/80 mm Hg. There were no carotid bruits, and
cardiac examination was normal. He was alert and fully oriented. Neutrological
examination showed a slight rightsided hemiparesis with extensor plantar response.
Finger-to-nose and heel-to-shin tests showed cerebellar type right-sided dysmetria,
hypermetria and intention tremor out of proportion to the degree of weakness.
Sensation was normal. His hemiparesis disappeared after 4-5 days, while his ataxia
persisted. After 4 weeks there was only clumsiness of his right hand, with slight ataxia
on the finger-to-nose test. Results of electrocardiography, 24 hour-electrocardiographic
(Holter) monitoring, echocardiography and duplex carotid sonography were normal.
Serum cholesterol concentration was slightly elevated.

CT scan on day 4 revealed a hypodense lesion in the ventrolateral nucleus of the
contralateral thalamus, compatible with a recent infarction (Fig. 9.1). MRI 1 year later
showed the same infarct in the left thalamus (Fig. 9.2). There were no other lesions
visible in the internal capsule, corona radiata, brainstem, or cerebellum.

Discussion

"Painful ataxic hemiparesis" following thalamic infarction and "hypesthetic ataxic
hemiparesis" in thalamic hemorrhage and infarction have been reported.’8132213 g e
unilateral cerebellar ataxia has been described following contralateral thalamic
infarction.””® Murthy"® described a case of ataxic hemiparesis following thalamic
infarction, but the lesion appeared to be located in the head of the caudate nucleus
instead of the thalamus.* CT and MRI in our patient showed an infarct in the
contralateral thalamus. To our knowledge, this is the first reported case of classical
ataxic hemiparesis following infarction strictly confined to the thalamus.

The lesion was located in the ventrolateral part of the thalamus, with involverment
of the ventrolateral nucleus. From experimental evidence it was concluded that the
ventrolateral nucleus receives fibers from the contralateral cerebellar dentate nucleus
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Figure 9.1 CT scan showing a hypodense  Figure 9.2 MRI after one year showing the
lesion in the ventrolateral part of the thala-  same lesion in the left thalamus (arrow).
muis, with involvement of the ventrolateral

nucleus (arrow),

(the dentatorubrothalamic projection).® From the ventrolateral nucleus, fibers run to
the sensorimotor cortex.?® Cerebellar ataxia in our patient was most likely caused by
interruption of the dentatorubrothalamocortical fibers at the level of the injured
ventrolateral nucleus. Hemiparesis was probably caused by initial local edema
compressing the adjacent corticospinal tract in the posterior limb of the internal
capsule because MRI did not reveal involvement of the internal capsule. The
hemiparesis clearing much more rapidly than the hemiataxia, supports thisassumption.
Our case illustrates that the ventrolateral part of the thalamus takes part in the
cerebellar projection to the sensorimotor cortex, disruption of which at different
levels can induce the classic lacunar syndrome of ataxic hemiparesis.
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General discussion

Lacunar infarcts represent a numerically important subgroup of ischemic strokes
because 41% (95% CI1 35-47%) of all our patients with a first-ever supratentorial brain
infarct had lacunar infarction.

We used CT as gold standard in our definition of lacunar infarction; although CT
has the limitation that small Jacunes may not be visualized. Autopsy and MRI are
likely to be superior to CT in detecting lacunar infarcts. However, due to the low early
case fatality rate, autopsy is not a feasible method to study lacunar stroke. The low
availability of MRI at present limits its use in large clinical studies.

We defined lacunar infarction with ot without a lesion on CT images in a patient
presenting with a lacunar syndrome. One could criticize this definition because
patients without a lesion on CT might not have had a lacunar infarct. However, risk
factor profile did not differ between lacunar infarct patients with and without a CT
lesion in a large series from the Oxfordshire Community Stroke Project. Moreover, it
was shown that patients with a lacunar syndrome and normal CT often had Jacunar
infarction on MRIL Therefore, lacunar stroke patients with and without a lesion on CT
are not qualitatively different. Defining lacunar infarction based on the presence of
a CT lesion would create a bias towards inclusion of larger lacunes.

This study supports the lacunar hypothesis: the four lacunar syndromes of PMS,
PS5, AH and SMS are a good or even excellent clinical test to diagnose lacunar
infarction. The other reported lacunar syndromes are uncommon, and the lack of
clinicopathologic correlation makes them less suitable for clinical studies on lacunar
infarction. Our findings show that cardiac and carotid embolism are unlikely causes
of lacunar infarction, supporting the second part of the lacunar hypothesis, which is
that lacunar infarcts are usually caused by small vessel disease.

According to our findings, a third element should be added to the lacunar
hypothesis, namely that two distinct lacunar stroke entities can be distinguished:
firstly, the group of patients with multiple lacunar infarcts and a high frequency of
hypertension and leuko-araiosis who presumably have lipohyalinosis, and secondly,
those with a single symptomaticlacunar infarct without leuko-araiosis who presumably
have microatheromatous disease. Leuko-araiosis and progressive cognitive dysfunction
are therefore related to the lipohyalinosis type of small vessel disease rather than to
microatheromatous disease.

In our prospective clinical study, approximately 80% of all lacunar stroke patients
presumably have microatheromatous disease and approximately 209 lipohyalinosis.
Most clinical studies deal with symptomatic lacunar stroke, and therefore include
mainly patients suffering from microatheromatous disease rather than from
lipohyalinosis. This could explain that a significant number of lacunar stroke patients

93



in clinical studies were without hypertension. The fact that hypertension isnot more
prevalent in lacunar stroke patients than in cortical stroke patients may merely reflect
the low number of patients with lipohyalinosis in clinical studies.

This study clearly shows that lacunar infarction should be considered a separate
subgroup among cerebral infarction. First, the natural history of patients with lacunar
infarction was different from that in patients with atherothrombotic infarction
involving the cortex. Second, almost 90% of recurrent infarcts in patients with
lacunar infarction were again lacunar, supporting a distinct underlying vasculopathy.
Third, potential cardiac and carotid sources of embolism were significantly less
frequentin patients with lacunar infarction than in patients with infarction involving
the cortex. Fourth, leuko-araiosis was more common in patients with lacunar
infarction than in patients with cortical infarction.

The conclusion of lacunar infarcts being a separate subgroup caused by small
vessel disease has consequences for their management and therapy. Our finding that
potential cardiac and carotid sources of embolism are unlikely causes of lacunar
infarction, and probably only coincidental in these patients means that they should,
in general, notundergo extensive cardiac examination or angiography, and that they
should not be treated with anticoagulation or carotid endarterectomy to prevent
further strokes.

Platelet antiaggregating drugs are part of the current treatment to prevent further
strokes in patients with atherothromboticinfarcts,including lacunar infarcts. However,
to demonstrate the efficacy of these drugs in lacunar infarct patients, they should be
studied separately in future cerebral infarct treatment trials. These antithrombotic
drugs may be useful in patients suffering from the microatheromatous type of small
vessel disease, but may be less useful in those suffering from the lipohyalinosis type.
Therefore, if the two distinct lacunar stroke entities reflect indeed the two types of
small vessel disease, patients belonging to the two lacunar stroke entities should also
be distinguished in these treatment trials.

This study presents evidence that lacunar stroke patients who suffer from
lipohyalinosis can probably be recognized during life. This is important because this
could provide the possibility of recognizing those patients who are at risk to develop
eventually subcortical vascular dementia. Hypertension seems to be the major
important risk factor for lipohyalinosis, treatment of which may substantially reduce
the risk of eventual subcortical vascular dementia. However, more, especially long-
term, studies are needed to support these findings.
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Summary

The aim of this thesis has been to describe some clinical and radiological aspects of
lacunar infarction in a well-defined prospective series.

In Chapter 1, the relevant literature on lacunarinfarcts is reviewed. After some general
remarks, the lacunar hypothesis, pathogenesis of lacunar infarction, the lacunar
syndromes, and leuko-araiosis are discussed. Lacunar infarcts are small infarcts
located in the deep parts of the brain, or in the brainstem, which are caused by
occlusion of one small perforating artery. The lacunar hypothesis suggests that
lacunar syndromes usually result from lacunar infarcts, and that these infarcts are
usually caused by a distinct vasculopathy of the small perforating arteries. There is a
good clinicopathological correlation: autopsy confirmed the presence of lacunar
infarcts in PMS$, PSS, AH, and SMS. Although a good positive predictive value of these
four syndromes in diagnosing lacunar infarction has been reported, the overall
clinical usefulness of the lacunar syndromes has not definitely been established until
now. Furthermore, due to the scarcity of neuropathological studies, large clinical
studies are needed to confirm the probability that lacunar infarcts are caused by small
vessel disease. Periventricular diffuse white matter lucencies on CT are called leuko-
araiosis. Autopsy showed possible small vessel disease in patients with leuko-araiosis,
but clinical studies have to show that leuko-araiosis is related to lacunar infarction.

In Chapter 2, we have studied in a prospective series of 103 patients with a first-ever
lacunar infarct and 144 patients with a first-ever infarct involving the cortex, the
validity of the lacunar syndromes in diagnosing lacunar infarction, and we have
compared the natural history in patients with a lacunar infarct, with that in patients
with a cortical infarct. The pretest probability of lacunar infarction was 41%. Positive
and negative predictive values of diagnosing lacunar infarction in patients with
lacunar syndromes were 90% and 97%, respectively. Obviously, thelacunar syndromes
are a good or even excellent clinical test to diagnose lacunar infarction. Kaplan-Meler
analysis showed that patients with lacunar infarction had better survival during mean
follow-up of 11 months than patients with atherothrombotic infarction involving
the cortex (p=0.0002), whereas the risk of recurrent infarction did not differ between
the two groups (p=0.08). Patients with lacunar infarction had better survival free of
recurrent infarction than patients with atherothrombotic infarction (p=0.002). Six of
the seven (86%) recurrent infarcts in the lacunar infarction group were lacunar again,
supporting the hypothesis that lacunar infarcts are usually caused by small vessel
disease, occluding the small perforating arteries.
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In Chapter 3, seven of 252 patients (3%; 95% CI 1-5%) with a first-ever supratentorial
brain infarct had acute isolated monoparesis without signs of cortical dysfunction.
Prognosis was favourable with complete recovery within two to four weeks. In six
patients, CT showed a small infarct involving the cortex and adjacent subcortex in
the territory of the middle cerebral artery, whereas no lesion was visualized in one
patient. None of the patients had lacunar infarction on CT. These findings show that
isolated monoparesis is usually caused by small infarcts involving the cortex. Isolated
monoparesis, therefore, is not a lacunar syndrome.

In Chapter 4, we have tested the hypothesis that if lacunar infarction is usually caused
by small vessel disease, the frequency of potential cardiac and carotid sources of
embolism would be lower in patients with Jacunar infarcts than in patients with
infarcts involving the cortex. We have also determined the frequency of vascular risk
factors (hypertension, diabetes mellitus and history of ischemic heart disease). Risk
factor analysis showed no differences between both infarct groups. A cardiac source
of embolism was significantly less common in patients with lacunar infarction (OR
0.32; 95% CI 0.17:0.61 ; p<0.001). Significant stenosis of the ICA was also less
common in patients with lacunar infarction (OR 0.35; 953% CI 0.16-0.76; p<0.001).
These findings strongly suggest that cardiac and carotid embolism are unlikely causes
of lacunar infarction, supporting the hypothesis that lacunar infarcts are usually
caused by small vessel disease.

In Chapter 5, we have tested the hypothesis that if lacunar infarction and leuko-
araiosis are both caused by small vessel disease, leuko-araiosis would be more
frequentin patients with lacunarinfarction than in patients with infarction involving
the cortex. We have also determined the frequency of vascular risk factors in patients
with and without leuko-araiosis. Leuko-araiosis was significantly more common in
patients with lacunar infarction (OR 1.82; 95% CI 1.00-3.45; p=0.05). Patients with
leuko-araiosis were significantly older, whereas frequency of vascular risk factors did
not differ in patients with and without leuko-araiosis. Our findings show that leuko-
arajosis is associated with small vessel disease in stroke patients.

In Chapter 6, we investigated in 100 lacunar stroke patients whether patients with
one or more asymptomatic lacanar infarcts, and those with only symptomatic
lacunar infarction represent two distinct clinical entities, probably reflecting
lipohyalinosis and microatheromatous disease. Seventy-nine patients had one
symptomatic lacunar infarct and 21 patients also had one or more asymptomatic
lacunar infarcts. Patients with asymptomatic lacunar infarcts had significantly more
often hypertension (OR 3.31;95% CI 1.16-9.43; p<0.0S) and leuko-araiosis (OR 10.67;
95% CI 3.81-32.10; p<0.001) than those with a single, symptomatic lacunar infarct.
The asymptomatic lacunar infarcts differed in location, involved vascular territory
and volume from the symptomatic ones. We hypothesize that indeed two distinct
lacunar stroke entities can be distinguished during life: lacunar stroke patients with
a single, symptomatic lacunar infarct who presumably have microatheromatous
small vessel disease, whereas patients with mulitiple lacunar infarcts, and a high
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frequency of hypertensioniand leuko-araiosis probably have small vessel lipohyalinosis.
Differentiating between the two lacunar stroke entities is important because this
could provide the possibility of recognizing those patients who are at risk to develop
eventually subcortical vascular dementia. Hypertension seems to be the major
important risk factor for lipohyalinosis, treatment of which may substantially reduce
the risk of eventual subcortical vascular dementia.

In Chapter 7, fifteen of 252 patients (6%; 95% CI 3-9%) with a first-ever supratentorial
brain infarct, had a large subcortical infarct. Twelve (80%; 95% CI 20-100%) had signs
of cortical dysfunction, whereas risk factor profile, frequency of significant carotid
stenosis, and frequency of potential cardioembolic sources did not differ from those
with cortical infarction. Compared with lacunar infarct patients, they more frequently
had a potential cardicembolic source and significant carotid stenosis. These findings
show that large subcortical infarcts differ from lacunar infarcts with regard to both
presenting signs and symptoms, and pathogenesis, whereas they resemble infarcts
involving the cortex. Obviously, large subcortical infarcts are not lacunar.

In Chapter 8, detailed CT findings in a prospective series of 98 patients with a first-
ever lacunar infarction are reported, allowing determination of the course of the
corticospinal, thalamocortical and cerebellar pathways at the level of internal capsule
and coronaradiata, by correlating the infarctlocalization with the clinical symptoms.
Approximately 60% of the patients had alacunar infarct on CT. Eighty-six percent of
the infarcts were located in internal capsule and corona radiata. Most infarcts (68%)
were located in the territory of the anterior choroidal artery. Our findings demonstrate
that the corticospinal (pyramidal} tract runs from the sensorimotor cortex through
the posterior part of the corona radiata, to the anterior half of the posterior limb and
then progressively shifts into the posterior half of the posterior limb in the more
caudal part of the internal capsule. Paresis after anterior capsulo-caudate or caudate
infarction is probably caused by interruption of the frontopontine tract or the
corticostriatal projection, or both. Both thalamocortical and cerebellar pathways
(dentato(rubrojthalamocortical and corticopontocerebellar pathways) are located
around the centre of the corona radiata and in the internal capsule in the posterior
part of the posterior limb.

In Chapter 9, the first reported case of classic ataxic hemiparesis following thalamic
infarction is described, illustrating that the ventrolateral part of the thalamus takes
part in the cerebellar projection to the sensorimotor cortex.

In the General discussion, we conclude that this study supports the lacunar hypothesis
by demonstrating that the lacunar syndromes are a good or even excellent clinical test
to diagnose lacunar infarction, and that lacunar infarcts are usually caused by small
vessel disease. Furthermore, a third elementshould be added to the lacunar hypothesis,
namely that twodistinctlacunar stroke entities can be distinguished. Itis obvious that
lacunar infarcts should be considered a separate subgroup among cerebral infarction,
which has consequences for their management and therapy.
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Samenvatting

In dit proefschrift worden bij een prospectieve serie patiénten enkele klinische en
radiologische aspecten van lacunaire herseninfarcten beschreven.

In hoofdstuk 1 wordt een overzicht gegeven van de relevante literatuur over lacunaire
infarcten. Na enkele algemene opmerkingen over lacunaire infarcten, worden ach-
tereenvolgens de lacunaire hypothese, de pathogenese van lacunaire infarcten, de
lacunaire syndromen en leuko-araiosis besproken. Lacunaire infarcten zijn kleine
infarcten die diep in de hersenen of in de hersenstam zijn gelokaliseerd en die worden
veroorzaakt door een afsluiting van één der kleine perforerende hersenarterién. De
lacunaire hypothese stelt dat de lacunaire syndromen meestal het gevolg zijn van
lacunaire infarcten, en dat deze lacunaire infarcten meestal worden veroorzaakt door
een vaataandoening van de kleine perforerende hersenarterién. Lacunaire syndro-
men zijn de complexen. van neurologische uitvalsverschijnselen die veroorzaakt
kunnen worden door een lacunair infarct. Er bestaat een goede klinisch-pathologische
correlatie: pathologisch-anatomisch onderzoek heeft lacunaire infarcten aangetoond
bij patiénten met een zuiver motorisch syndroom, een zuiver sensibel syndroom, een
motorisch-sensibel syndroom of een atactisch-motorisch syndroom. Ofschoon er
een goede positieve voorspellende waarde van deze vier Jlacunaire syndromen met
betrekking tot het diagnostiseren van lacunaire infarcten is beschreven, is de
klinische bruikbaarheid van deze lacunaire syndromen nog steeds niet definitief
vastgesteld. Bovendien moet in klinische studies bevestigd worden dat lacunaire
infarcten meestal worden veroorzaakt door een aandoening van de kleine perf-
orerende hersenarterién. Diffuse hypodensiteit van de witte stof op een CT scan wordt
leuko-araiosis genoemd. Weliswaar werd bij pathologisch-anatomisch onderzoek een
aandoening van de kleine perforerende hersenarterién gevonden bij patiénten met
leuko-arajosis, maar ook in klinische studies zal onderzocht moeten worden of leuko-
araiosis en lacunaire infarcten inderdaad aan elkaar gerelateerd zijn.

In hoofdstuk 2 wordt in een prospectieve studie bij 103 patiénten met een eerste
lacunair infarct en 144 patiénten met een eerste corticaal infarct de diagnostische
waarde van de lacunaire syndromen met betrekking tot het diagnostiseren van
lacunaire infarcten onderzocht, Daarnaast werd het klinisch beloop en de prognose
van de patiénten met een lacunair infarct vergeleken met die van pati#nten met een
corticaal infarct. De prevalentie van lacunaire infarcten was 41%. De positieve en
negatieve voorspellende waarde van het diagnostiseren van lacunaire infarcten bij
patiénten met een lacunair syndroom was respectievelijk 90% en 97%. De lacunaire
syndromen zijn dus een goede diagnostische test om lacunaire infarcten te dia-
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gnostiseren. Kaplan-Meier analyse liet zien dat patiénten met een lacunair infarct een
betere overleving hebben dan patiénten met een atherothrombotisch corticaal
infarct gedurende een gemiddelde follow-up van 11 maanden (p=0.0002), terwijl het
aantal recidief infarcten niet verschilde tussen beide groepen (p=0.08). Patiénten met
eeni lacunaiy infarct hadden een betere overleving zonder recidief infarct dan
patiénten met een atherothrombotisch corticaal infarct (p=0.002). Opmerkelijk was
dat zes van de zeven (86%) recidiefinfarcten in de groep van patiénten met een
lacunair infarct opnieuw lacunair waren. Dit gegeven ondersteunt de hypothese dat
lacunaire infarcten meestal worden veroorzaakt door een aandoening van de kleine
perforerende hersenarterién.

In hoofdstuk 3 bleken 7 van de 252 patiénten (3%; 95% BI 1-5%) met een eerste,
supratentoriéel gelokaliseerd herseninfarct een acute monoparese te hebben zonder
tekerien van corticale dysfunctie. In zes van deze pati€nten liet de CT scan een klein
corticaal infarct zien in het stroomgebied van de a.cerebri media. Bij één patiént
toonde de CT scan geen afwijkingen. Geen enkele patiént had een lacunair infarct.
Deze bevindingen laten zien dat een acute monoparese meestal wordt veroorzaakt
door een klein corticaal infarct. Acute monoparese is daarom geen lacunair syndroom.

In hoofdstuk 4 hebben we de volgende hypothese onderzocht: als lacunaire infarcten
meestal worden veroorzaakt door een aandoening van de kleine perforerende
hersenarterién, dan zullen potentiéle cardiale en carotis emboliebronnen bij patién-
tén met een lacunair infarct minder vaak voorkomen dan bij patiénten met een
corticaal infarct. Tevens onderzochten we het voorkomen van de vasculaire risico-
factoren (hypertensie, diabetes mellitus en ischemische hartziekte in de voorge-
schiedenis). Deze risicofactoren kwamen evenveel voor in beide infarctgroepen. Een
potentiéle cardiale emboliebron kwam significant minder vaak voor bij patiénten
met een lacunair infarct (OR 0.32; 95% BI 0.17-0.61; p<0.001). Een significante
stenose van de a. carotis interna (diameter reductie groter of gelijk aan 50%) kwam
eveneens minder vaak voor bij patiénten met een lacunair infarct (OR 0.35; 95% BI
0.16-0.76; p<0.001). Deze bevindingen suggereren dat cardiale en carotis embolieén
een onwaarschijnlijke oorzaak zijn van lacunaire infarcten, hetgeen de hypothese
ondersteunt dat lacunaire infarcten meestal worden veroorzaakt door een aandoening
van de kleine perforerende hersenarterién.

De hypothese dat indien lacunaire infarcten en leuko-araiosis beide veroorzaakt
worden door een aandoening van de kleine perforerende hersenarterign, leuko-
araiosis meer zal voorkomen bij patiénten met een lacunair infarct dan bij patiénten
met een corticaal infarct, werd onderzocht in hoofdstuk 5. Tevens werd het voorko-
men van vasculaire risicofactoren bij patiénten met en zonder leuko-arajosis on-
derzocht. Leuko-araiosis kwam significant vaker voor bij patiénten met een lacunair
infarct dan bij patiénten met een corticaal infarct (OR 1.82; 95% BI 1.00-3.45; p=0.05).
Patiénten met leuko-araiosis waren significant ouder, terwijl het voorkomen van
vasculaire risicofactoren niet verschilde bij patiénten met en zonder leuko-araiosis.
Hieruit blijkt dat leuko-araiosis samenhangt met een aandoening van de kleine
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perforerende hersenarterién bij patiénten met een herseninfarct.

In hoofdstuk 6 hebben we in 100 patiénten met een lacunair infarct onderzocht of
de patiénten met meerdere lacunaire infarcten en degenen met één symptomatisch
lacunair infarct, twee verschillende lacunaire infarct entiteiten vertegenwoordigen,
die de klinische representanten zouden kunnen zijn van respectievelijk lipohyalinose
en {micro-)atherosclerose van de kleine perforerende hersenarterién. Negenenzeventig
patiénten hadden één symptomatisch lacunair infarct en 21 patiénten hadden ook
&én of meerdere asymptomatische lacunaire infarcten. De patiénten met asympto-
matische lacunaire infarcten hadden significant vaker hypertensie (OR 3.31; 95% BI
1.16-9.43; p<0.05) en leuko-araiosis {(OR 10.67; 95% BI 3.81-32.10; p<0.001) dan
degenen met &én symptomatisch lacunair infarct. De asymptomatische infarcten
hadden een andere lokalisatie, aangedaan vaatterritorium en volume dan de symp-
tomatische infarcten. Onze hypothese is daterinderdaad twee verschillende lacunaire
infarct entiteiten klinisch kunnen worden onderscheiden: lacunaire infarct patién-
ten met één symptomatisch lacunair infarct, die waarschijnlijk {micro-)atherosclerose
van de kleine perforerende hersenarterién hebben; en patiénten met meerdere
lacunaire infarcten en een hoge frequentie van hypertensie en leuko-araiosis, die
waarschijnlijk lipohyalinose van de kleine perforerende hersenarterién hebben. Het
klinisch kunnen onderscheiden van deze twee lacunaire infarct entiteiten isbelangrijk
omdat dit de mogelijkheid geeft de patiénten te kunnen herkennen die een hoog
risico hebben op het ontwikkelen van een subcorticale vasculaire dementie. Hypertensie
is waarschijnlijk de belangrijkste risicofactor voor lipohyalinose. Behandeling van de
hypertensie kan het risico op mogelijke subcorticale vasculaire dementie verkleinen.

In hoofdstuk 7 bleken vijftien van de 252 patiénten (6%; 95% BI 3-9%) met een eerste
supratentoriéel gelokaliseerd herseninfarct een groot subcorticaal infarct te hebben.
Twaalf van deze patiénten (80%; 95% BI 20-100%) hadden klinisch corticale
uitvalsverschijnselen, terwijl de vasculaire risicofactoren en het voorkomen van
significante carotisstenose en potentiéle cardiale emboliebron niet verschilden van
patiénten met corticale herseninfarcten. Vergeleken met lacunaire infarct patiénten,
hadden zij vaker een potentiéle cardiale emboliebron en een significante carotisstenose.
Deze bevindingen laten zien dat grote subcorticale infarcten verschillen van lacunaire
herseninfarcten met betrekking tot zowel klinische verschijnselen als pathogenese,
terwijl ze lijken op corticale herseninfarcten. Grote subcorticale infarcten zijn
duidelijk niet lacunair.

In hoofdstuk 8 worden de CT scan bevindingen bij 98 prospectief geregistreerde
patiénten met een lacunair infarct beschreven. Het verloop van de corticospinale,
thalamocorticale en cerebellaire baansystemen werd bepaald op het niveau van de
capsula interna en coronaradiata door het correleren van de lokalisatie van het infarct
met de klinische symptomen. Ongeveer 60% van de patiénten had een lacunair
infarctopde CT scan. Achtenzestig procent van de infarcten waren gelegen in capsula
interna en corona radiata. De meeste infarcten (68%) bevonden zich in het stroom-
gebied van de a. choroidea anterior. Onze bevindingen laten zien dat de tractus
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corticospinalis loopt van de sensomotorische cortex door het achterste gedeelte van
de corona radiata naar het voorste gedeelte van het achterste been van de capsula
interna, en vervolgens naar het achterste gedeelte van het achterste been in het meer
caudale gedeelte van de capsula interna. Parese na infarcering van het voorste been
van de capsula interna enfof nucleus caudatus wordt waarschijnlijk veroorzaakt door
onderbreking van de tractus frontopontinus of de corticostriatale projectiesystemen,
of beide. Zowel de thalamocorticaleals decerebellaire (dentato{rubro)thalamocorticale
en corticopontocerebellaire) banen zijn gelokaliseerd in het centrum van de corona
radiata en in het achterste gedeelte van het achterste been van de capsula interna.

In hoofdstuk 9 wordt het éerste gepubliceerde geval van klassieke atactische hemiparese
na infarcering van de thalamus beschreven, waaruit blijkt dat bij de mens de
cerebellaire projectie riaar de sensomotorische cortex via het ventrolaterale gedeelte
van de thalamus verloopt:

In de algemene discussie concludereén we dat onze studie de lacunaire hypothese
ondersteunt omdat de lacunaire syndromen een goede diagnostische test zijn om
lacunaire infarcten te diagnostiseren, terwijl bovendien lacunaire infarcten meestal
blijken te worden veroorzaakt door een aandoening van de kleine perforerende
hersenarterién. Bovendien zou een derde element aan de lacunaire hypothese
moeten worden toegevoegd, namelijk dat er klinisch twee verschillende lacunaire
infarct entiteiten kunnen worden onderscheiden. Het is duidelijk dat lacunaire
infarcten beschouwd moeten worden als een aparte subgroep van de herseninfarcten,
hetgeen consequenties heeft voor beéleid en behandeling.
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Appendix

Definition of lacunar syndromes*

A constellation of clinical symptoms and signs present at the time of maximal deficit
following a single cerebrovascular event. The presence of a visual field defect,
evidence of higher cerebral dysfunction (e.g. dysphasia, visuospatial disturbance,
predominantly proprioceptive sensory loss) on standard clinical testing, or features
that clearly localize the lesion in the vertebrobasilar distribution (e.g. gaze palsies or
crossed deficits, though not nystagmus or dysarthria) exclude the diagnosis of lacunar
syndrome.

Pure motor stroke

A unilateral, pure motor deficit involving at least 2 of 3 areas (face, arm, leg) and in
patients with faciobrachial or brachiocrural weakness, affecting the whole limb.
Sensory symptoms may be present at the time of onset, but there should not be any
objective sensory loss on standard clinical testing.

Pure sensory stroke

A sensory deficit (which may be diagnosed even when there is no objective sensory
loss on standard clinical testing) involving at least 2 of 3 areas (face, arm, leg). In
patients with faciobrachial and brachiocrural symptoms, the whole limb should be
affected. The sensory deficit may include all modalities equally or may spare
proprioception.

Ataxic hemiparesis

A syndrome of ipsilateral corticospinal and cerebellar-like dysfunction without other
features that clearly localize to the posterior circulation. This includes cases with
predominantly dysarthria and clumsiness of the hand.

Sensorimotor stroke
A syndrome of ipsilateral motor and objective sensory loss, involving at least 2 of 3
areas (face, arm, leg). In patients with brachiofacial or brachiocrural deficit, the whole
limb must be involved. The sensory deficit may involve all modalities equally or may
spare proprioception.

* With permission from Bamford et al., Stroke 1987;18:545-551.
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